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PREFACE. 



To tMs Edition there is an Appendix,/ printed in a 
separate form, for the use of teachers, containing the 
leading properties of the Conic Sections and the 
Demonstrations of the Rules of Mensuration. These 
were, in the First Edition, interspersed through the 
work, partly Interwoven with the text, and partly in 
the shape of notes. It is hoped that the present 
arrangement will better suit the convenience of both 
teachers and pupils. Several other alterations have 
been made, which, it is hoped, will be found to be 
improvements. 

Teachers should direct their pupils to learn only 
such portions of the work as may be necessary for 
their intended occupations : for most pupils, the first 
and second sections, and a few problems in the 
fourth and sixth will be quite su£Bcient. 
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ERRATA. 

Page 24, line 8 from bottom, for « Sec. XII." read " Sec. XI." 

32, ^ 6, for " :^," read " ^." 

4 4 

57, .-^ 2 from bottom, for " vertix,** read <* vertex.* 

81, ...^ 5, for « remain,** read *' remains." 

117, 13, for « I.*' read « VI." 

118, Prob. XI. should be under the next section. 
120, for « Prob. Vllt" read « Prob. II.'* 
186, «««M 4 from bottom, for « suecessively,*' read << successfully.*' 
196, deU last line. 

289, last line, for « 12," read « 1 1." 
256, line 10, omit « a dodecagon and a circle.*' 
260 opposite « •035," should be " -008438.*' 
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MENSURATION. 



SECTION I. 



PRACTICAL GEOMETRY. 



DEFINITIONS. 

1. Gbometbt Ceaches and demonstrates the properties 
of all kinds of magnitudes, or extension ; as solids, surfaces, 
lines and angles. 

2. Geometry is divided into two parts, theoretical and 
practical. Theoretical Geometry treats of the various pro- 
perties of extension abstractedly ; and Practical Geometry 
applies these theoretical properties to the various purposes 
of life. When length and breadth only are considered, the 
science which treats of them is called Plane Geometry ; bu^ 
when length, breadth and thickness are cdnsidered, w^ 
science which treats of them is called solid Geometry. 



3. A Solid is a figure, or body, having 
three dimensions, viz. length, breadth, and 
thickness, as A. 



The boundaries of a solid are surfaces, or suparficies. 

B 
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4. A Superficies^ or sur&ce, has length 
and breadth only ; as B. 

The boundaries of a superficies are lines. 

5. A Lifyi is length without 
breadtli, and Is iEbnned t)y the too- ^"^ 
tion of & poitat ; as CB. 

The extremities of a line are points. 

6. A Straight or Right Line is the shortest distance be- 
tween two points, and lies evenly between these two points. 

7. A Point is that which has no parts or magnitude ; it is 
indivisible ; it has not length, breadth, or thickness. If it 
had length, it would then be a line ; were it possessed of 
length and breadth, it would be a superficies ; and had it 
length, breadth, and thickness, it would be a solid. Hence 
a point is void of length, breadth, and thickness, and only 
marks the position of tlieir origin or termination in every 
instance, or of the direction of a line. 

8. A Plane rectilineal Angle is 
the inclination of twD right lines, 
which meet in a point, but are not 
in the same direction ; as S. 

9. One angle is said to be less 
dttm another, when the lines wMch 
fonn that angle are nearer to ^ach 
other than those which form the 
other, measuring at equal distances 13 
from the points in which the lines 
aneet. Take Bn, Bm, Ear, and En, 
d^ual to one another ; then if m n 
be greater than ^ n, the angle ABC 
is greater than the angle FED. By .— 
conceiving the point A to move to- ^ 
wards C, till m n becomes equal to 
X n, the angles at B and E would 
then be equal ; or by conceiving the 
point F to recede from D, till x n becomes equal to m n, then 
the angles at B and £ w^d be equal. 






Hence it appears that the newer cbe extfemides of the 
Imes forming an angle approach each other, while the point 
at which thef meet remains fixed, the less the angle ; and 
the farther the ei(treme points reoede from each oridiar, the 
?ertical point remaining fixed, as befon, the greater the 
angle. 

10. A drch is a plane figure contained 
by one tine c^ed the circumference, whidi a /^ "^B 
is every where equally distant from a point t ^ \ 
wi^in it, called its centre, as o : -and an arc \ ^ j 
of a circle is any part of its circumference ; \ ^ ^^ ^ 
as AB. 

11. The magnitude of an 
angle does not consist in the 
length of the Tines which form 
It : the angle CBG is less than 3 
the angle ABE, though the 
lines CB, GB are Joi»ger than * 
AB, EB. ^ 

12. When an angle is expressed by three letters, as A8E, 
the middle letter always stands at the angular point, and the 
other two any where along the sides ; thus the angle ABE 
is fi^rmed by AB and BE. The angle ABG by AB and GB, 

13. In equal cii:^6s, angles have the same ratio to each 
other as the arcs o|i whidi they stand, (3db vi.) Henee 
also, in the s^kme, or, equal circles, the angles vary aa &e 
arcs on wMch they Btand ; and ^bereGxce the arcs may be 
assimied as proper measures -of angles. Every angle then 
is measured by an arc of a circle, described about the an- 
gtiar point IDS a centt^e ; thus the angle ABE is measured by 
the arc AE ; the angle ABG by the arc AF. 

14. The circumference of every circle is generally divided 
into 360 equal pans, caviled degrees; and every degree 
into 60 equal partsr, called minuted ; and each minute into 
60 equal paarts, called seconds. The angles are measured 
by the numb er of degrees contained in the arcs which sub- 
tend them f thus, if jthe fxc AE contain ^40 degrees, or the 
ninth part of the cirooaiferencey ijbe angle AQjB.ii^ W^Xo 
measure 40 degrees. 
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Hence a right angle is 



15. When a straight line 
HO, standing onanouier AB, 
knakes the angle HOA equal 
to the angle HOB ; each of 
tfaese..angles is called a. right 
angle ; and the line HO is 
said to be a perpendicular to 
AB. The measure of the 
angle HOA Is 90 degrees, 
or the fourth part of 3oO degrees. 
90 degrees. 

16. An acute angle is less than a right angle ; at AOG, 
or GOH. 

17. An obtuse "angle is greater than a right angle ; as 
GOB. 



18. A plane Triangle is the space en- 
closed by three straight lines, and has three 
angles ; as A. 




19* A Tight angled Triangle is 
that which has one of its angles 
right ; as ABC. The side BC, op- 
posite the right angle is called the 
hypothenuse ; the side AC is called 
the perpendicular ; and the side AB 
is called the base. 




20. An ohtiae angled Triangle Yiba one 
of its angles obtuse ; as the triangle B, 
which has the obtuse angle A. 



21. An acute angled Triangle has all its three angles 
^CHte, as in figure A, annex^ to definition 18. 
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22. An MuUateral Triangle has its three 
sides equal) and also its three angles ; 
» C. 




23. An itoscelei Triangle is that which has j j^ 
two of its sides equal ; as D. 




24. A eectUne Triangle is that which 
has all its sides unequal ; as £. 



25, A quadrilateral figure is a space included by four 
straight lines. If its four angles be right, it is called a 
rectangular parallelogram. 

26. A Parallelogram is a plane figure bounded by four 
straight lines, the opposite ones being parallel ; that is, if 
produced ever So far, would never meet. 



27. A Square is a four-sided figure, 
having all its sides equal, and all its angles . 
right angles ; as H. 



H 



28. An Oblong, or rectangle, is a 
right angled parallelogram, whose length 
exceeds its breadth ; as L 



29* A Bhomhu9y is a parallelo- 
gram having all its sides equal, but 
its angl^ not right angles ; as K. 
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30. A Rhomboid is a parallelo« 
gram having its opposite sides equal> 
but its angles are not right angles, 
and its length exceeds its breadih ; 
asM. 



31. A Trapezium is a figure included 
by four straight lines, no two of which are 
parallel to each other; as N. , 



A line connecting any two of its opposite angles, is called 
a diagonal. 

32. A Trapezoid is a four-sided figure 
having twoof ks opposite .sides parallel^ , 
as F. 

< 

33. Multilateral Figures, or Polygons, are those which 
have mere than fijur sides^ They reqeive particular names 
from the number of their aides. . Thus, a. Pentagon has five 
sides ; a Hexagon has six sides ; a Heptagon^ seven ; an 
Octagon, eight ;. a Nonagon, nine ; a Decagon^ ten ; ah 
Vndeeagon, eleven ; and a Dodecagon has twelve side3« 

If all the sides of each figure be equal, it is called a 
regular polygon ; but if unequal, an irregular polygon. 

34. The Diameter of a circle is a straight line passing 
through the centre, and ternlinated both ways by the circum- 
ference J thus AB is the diameter of the circle. The diameter 
divides thecircleiintotwo equal parts, 
each of which is called a semicircle ; 
the diameter also divides the circum- 
ference into two equal parts, each A j 
containing 180 degrees. Any line 
drawn from the centre to the cir- 
cumference ia called the radius, as 
AO, OB, or OS, If OS be drawn ^^ 
from the centre perpendicular to AB, it divides the semi- 
circle into two equal parts, AOS and BGS, each of which 
is called a quadrant, or one-fourth of the circle ; and the 
arcs AS and BS contain each 90 degrees, and they are 
said to be the measure of the angles AOS and BOS. 
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35. A Sector of a.drdle ia a pait of the circle com- 
prehendad under two Mudiif not 
forming one line^ and tha part 
of the circumference between them. 
From this definition it appears that 
& sector may be either greater or less 
than a semi-circle ; thus AOB is a 
sector, and is less than a semi-circle ; 
and the remaining part of the circle 
is a sector alao^ but is greater than 
a semi-circle. 

36. A Chord of an arc ia a straight line joining its extre- 
nutiea» aad ia leas than the diameters T S it tli^e chord of 
the arc T H S, or of theara T AB & 

37. A Segment of a circle is that part of the circle con- 
tained between the chord and the drcumference, and may be 
either greater or less than a semi-circle ; thus TSHT and 
TABST are segments, the latter being greater than a sami- 
circle, and the former less. 



38. Concentric circlei are those 
having the same centre, and the space 
included between their circumferences 
is called a ring ; as F£. 



PROBLEM I. 

7b Utea a given straight Kne A B ; that tr, to divide U 

into two equal parte* 



From the centres A and B, with 
any radius, greater than half the 
given line AB, describe two arcs 
intersecting each other at O and S, 
then the line joining O S will bisect 
AB. 
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PROBLEM 11. 

Through a given point x to draw a ttredghi Hne C D 

parallel to a given straight line A B. 

In A B take any point Sy 
and with the centre s and ra- 
dius $s describe the arc o x ; 
with> as a centre and the same 
radius s Xy describe the arc sy. 
Lay the extent o x taken with the compasses from s \jo y \ 
through xy draw C D, which will be parallel to AB. 

PROBLEM IIL 
To dram d straight line C D parallel to AB, and ai a given 




distanced J from it 



In A B take any ^ g 

two points X, fi^ ^'< 
and from the two 
points as centres 
with the extent F, 
taken in the com- A. — 
passes, describe 
two arcs *, t ; then 
draw a line C D 



\ /" 



X 



i> 



OB 



"F 



jj,',j 



touching these arcs at r and #, and it will be at the given 
distance from A B, and parallel to it. 

PROBLEM IV. 
To divide a straight line A B into any number of equal parts. 
Draw A K making any angle with A B ; and through B 
draw B T parallel tq A K ; taJce any part A £ and repeat 
it as often as there are 
parts to be in A B, and 
from the point B on 
the line B T, take B I, 
I S, S V, and V T 
e<|ual to the parts taken 
on the line A K ; then 
join AT, EV, GS, HI, 
and KB, which will di- 
ride the line AB into 
the number of equal parts required, as AC, CD, DF,^ FB. 
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PROBLEM V. 

JFram a given pomi P in^ Uraighi Hne A Bio erect a 
^ perpendiadar, 

1. JfAen the given poini is tn, or near the middk of the hne. 

On each side of the point P take D 

equal portions, P jr, PjT; ^d from 
the c^itres af,Jl with any radius 
greater than P x^ descrihe two arcs, 
cutting each other at D ; 'then the 
line joining D P will be perpendicu- 
lar to A B. 



X 



^ & V JP 



' Or thus : 

From the centre P, with any 
radius P n describe an arc 
n isy ; set off the distance P n 
from n to 4r, and from or to ^ ; 
then from the points x and y 
with the same, or any other 
radius, describe two arcs in-- 
tereecting each other i^ D ; > 
then the line joining the points 
D and P will be perpendicular Xi. 
to A B. 




2. When thepoitU P is at the end of the Hne. 



From any centre q out of 
the line, and with the distance 
^ B as radius, describe a circle, 
cutting A B in t> ; draw j9 g O ; 
and the line joining the points 
O, B, will be perpendicular to 
AB. 
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OrOm; 



Set one leg of the compaciees 
on B, and with any extent B p 
describe an arc P or ; set off the 
same extent from p to q ; join 
p g ; from ^ as a centre, with the 
extent p q b& radius, describe aa 
aiQ r ; produce p qto r, and the 
line joining r B wul be perpen- 
dicular to A B. 




PROBLEM VL 

From a given, point D to l^ fall a perpendicuiar %mon a 

given Urn A B. 

1. When the point is nearly opposite the ndddk cf the 

gigoen Une, 



D 



From tb« centre D, with 
any radius, describe an arc 
je f/^ cutting A B in at and ^, 
from a and y as centres, and 
with the same distance as. v 
radiuB» describe ttw arcs cut- Ar^ 
ting each other &t S ; then 
the line joinftig D md S will 
be perpendicuhK to A B. 





S^^ 
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2. WhmthejHnfUismarfyoppotUttheendqftkegivenlini^ 
amd when theffiven line cannoi b$ comfcmenify proAmd* 



Draw aaay line D My whieh 
bisect in o ; from d ft8 A centre 
with the radius o x describe an 
arc cutting AB in y ; then the 
line joining D jr will be per- 
pendicular to A B. 



PROBLEM VIL 



To dreum a perpend icular^ Jrem 
an^ emgk if a Prvmgk ABC, 
le»«te eppomi$9ide* 

Bisect either of the sides con- 
taining the angle from which the 
perpendicular is to be drawn, as 
B C in the point r ; then with the 
radius r C, and from the centre 
r, describe an arc, cutting A B, 
(or A B produced if necessary, as 
in the second figure,) in the point 
P ; the line joining C P will be 
perpendicular to A B, or to A B 
produced. 



PBOBLEM Vm. 
Upon a given right line A B to describe 

triangle. 



Prom the centres A and B, with 
the given line A B as radius, de- 
scribe two arcs cutting each other at 
C ; then the lines drawn from the 
point C to the points A and B will 
form, with the eiren Knc A B, an 
equilateral triangle, as A B C. 
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PROBLEM IX. 

To make a triangle whose sides skgU be equal to ih^ee given 

right lines A B, AD, and B D. 



From the centre A with the ex- 
tent A D, in the compasses, de- 
scribe an arc, and from the centre 
B with the radius B D describe 
another arc cutting the former at 
D ; then join DA, D B, and the 
sides of the triangle A B D will be a - 
respectively equal to the three given a Z 
right lines. " ^ ^ 

PROBLEM X. 

Two sides AB, and BC of a 
right angled triangle being given 
to find the'hypothenuse. 
Place B C at right angles to 

A B ; draw A C and it will be the A' 

hypothenuse required. 

B 



^J>.- 





-— ^B 



--C 



PROBLEM XI. 



Th£.hypothenuse A B, and one side AC, of a right angled 
triangle being given, to find the other side. 
Bisect AB in^; with the ' 

centre ^, and ^ A as radius, 
describe an arc ; and with A 
as a centre, and A C as radius, 
describe another arc cutting the 

former at C ; then join A C and a . .. ^ 

C B ; and A B C will be a right ac B 

angled triangle, and B C the a .,, 

required side. ^^ ^ 




' 1. 
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Id 



iiinio two equal 




PROBLEM XIL 
To biseei a given angle f tkaiiSf io 

parte* 

Let A C B be the angle to be 
bisected. 

From C as a centre with 
any radius C or, describe the 
are x y ; from the points x and 
y as centres with uie same ra- 
dius, describe two arcs cutting 
each other at O ; join O C, Jj^ 
and it wiQ bisect the angle 
ACB. 

PROBLEM XIII. 

At a given point A in a given right line A B, 6> make an 

angle equal to the given angle C. 



From the centre C with any ra- ^ 
dius Cy describe an arc xy ; and 
from the centre A with the same ra- 
dius, describe another arc, on which 
take the distance m n equal to ^ ^ ; 
then a line drawn from A through m 
will make the angle m An equal to 
the angle x Cy. 



PROBLEM XIV. 
To make an angle containing any proposed number ot 

degrees. ^ 

1. When the required angle is less than a quadranty as 40 

degrees. 
Take in the con^Misses Uie extent of 60 degrees fr^mi 
the line of chords, marked cho. on the scale ; Mid with this 
chord of 60 degrees as radius, and 
the centre A, describe an arc x y ; 
take from the line of chords 40 ae-* 
grees, which set off from » to m ; 
from A draw a line through m ; and A' 
theangle'm A n will contain 40 
degrees^ 
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2. fVhen the required anffle U ^teakt than a quadrOmif 

ess l%(^ degireee. n 

From the centre o, with the 
diord of 60 degrees, as radius, 
describe the semi-circle yimB ; 

set off the chord of 90 degrees ^ ^ i -^^ j^ 

from B to fi9 and the remain- y 

ing 30 degrees from n to ^ ; 

join X ; and the angle B o « will contain 120 degrees ; or 

subtract 120 from 180 degrees, and set off the remainder 

(60 degrees) taken from the line of chords from y tojr ; then 

join X Of and Box will contain 120 degrees es before* 

PROBLEM XV. 

An amffk being (fivef^ to ftnd^ by a scaU ^ chorde^ haw 

many decrees it ctmtains. 

From the vertex A as centre 
with the cord of 60 degrees as 
radius, describe an arc xy ; take ^ . 

the extent ary in the compasses, \,<^ y 
and setting one foot at the begin- ' ^' 




B 



n|ng of the line of chords, the other leg will reach to the 
number of degrees which the angle contains : but if the 
extent in the compasses should reach beyond the scale, find 
the number of degrees m x y^ which deducted from ISO* 
will leave the degrees in the angle B o jr. See figure to the 
second case of the last Problem. 

* PROBLEM XVL 

Upon a given right line A Bf to cansiruct a square. 

With the distance A Bag I> 

radius, and A as a centre, jj^^* 
describe the arc EDB ; and 
with the distance AB as ra^ 
dius, and B as a centre, de- 
scribe the arc AFC, cutting 
the former in x ; make ^E 
equal to ir B ; join E B ; 
make x C and x D each 
equal to AF, or F x ; then join AD, DC, CB» and ADCB 
will be the required square. 
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Or thus: 



Dmw B C at right angles to 
A Bt.aod equal to it; then from 
the centres A and C, with the 
radius A B an J C B, describe two 
arcs cutting each other at D ; join 
D A and D C» which will complete 
the square. 




PROBLEM XVII. 

To make a rectangular paralielogmm of a given length and 

breadth. 

Let A B be the length, and t> / . 
B C the breadth. .- 

Erect B C at right angles to 

A B; through C and A draw 

C D and A D, parallel to A B Ji} Ijb 

andBC. - -^ ^ 

B C 



1>R0BLEM XVIIL 
To find the centre of a given circle. 



Draw any two chords A Cy 
C B ; from the points A, C, B, 
as centres with any radius greater 
than half the lines, describe four 
arcs cutting in r or, and v v, 
draw r x and y v, and produce 
them till they meet in O, which 
will be the centre* 
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PROBLEM XIX. 

Upon a given rigJu line A B, io. describe a rhombus having 

an angle equal to a given angle A. 




/ » 




Make the angle CAB equal to the angle at A ; make 
A C equal to A B ; then from C and B as centres, with the 
radius A B describe , two arcs crossing each other at D ; 
join D C and D B, which will complete the rhombus. 

PROBLEM XX. 
To find a mean proportional between two given right lines^ 

AB and BC. 

Place A B and B C in one 
straight line ; bisect A C in 
; from as a centre, with 
Aoy or oC as radius, describe 
a semi-circle ASC ; erect the 
perpendicular BS, and it will ^ 
be a mean proportional be- 




tween A B and B C ; that is, ,K^ 
AB : BS : : BS : BC. ^. 



B 



PROBLEM XXL 
To divide a given right line A B into two such parts, as shall 

be to each other, as x o to of. 

i ^ 



From the point A dt&w 
AS 6qual to ^r o, and pro- 
duce it till F S becomes 
equal to o/; join F B^ 
and draw S T parallel to 
F Br then wUl AT: 
TBil^oiof. 



^ 




£BAerae4i« oaouamMT 



*' 
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PROBLEM XXU. 
To^nd a third proportioned to two given rigJU Una* A B, A S. 



A 



Place A B and A S so as to 
make any angle at A : from the 
centre A, wiQi the distance AS 
describe the arc S D ; then draw 
D m parallel to BS, and A x will 
be the third proportional required; 
that is, AB: AS:: AS:Aar. 



PROBLEM XXIII. 



-*^ 



B 



*-S 





To find a fovrth proportional to three given right line*, 

AB, AC, and AD. 

• 

Place the right lines A B . 
and A C so as to make any 
angle at A ; on A 3 set off 
A D ; join B C ; and draw 
D S parallel to it ; then A S 
will be the fourth propor- 
tional required, viz. A B : 
AC:: AD: AS. 

PROBLEM XXIV. 
In a given circk to inscribe a sqnare. 

Draw any two diameters A C, D B 
at right angles to each other; then 
join their extremities, and the figure 
ABCD will be a square inscribed 
in the given circle. 

If a line be drawn from the centre 
to the middle of A B, and produced 
to /; the line joiningj^ B will be the 
side of an octagon inscribed in the 
cirde. 
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PROBLEM XXV. 

To make a regular pofyfon on a given right Unef A E* 

Divide 360 degrees by the num- 
ber of sides contained in the po- 
lygon ; deduct the quotient firom 
180 degrees, and the remainder will 
be the number of degrees in each 
angle of the polygon. At the points 
A and B make the angles o A B 
and B A each equal to half the 
angle of the polygon ; then from o 
aa a centre, and vniti o A or o B 
as radius, describe a circle/ in which place AB continually.* 




Or thus: 

Take the given line AB from the scale of equal parts> 
and multiply the number of equal parts in it by the num- 
ber in the third column of the following table, answering;^ 
to the given number of sides ; the product will give the 
number of equal parts in the radius A o, or a B, which 
taken from the scale of equal parts in the compasses^ will 
give the radius, with which describe a circle, and place 
in it the line AB continually, as shown in the first me- 
thod-t 



* See Appenifix, Demonstration 1. f See Appendix, Demonstration 2. 
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TABLE I. 

Wien ihe side of the polygon it 1. 



K«>. of 


Name of th« 


K«<las of the rfrelimaBvl^ 


ADfl«OAB,«r 


Sides. 


Piriygon. 


iniir circle. 


Tdba. 


3 


Trigon 


•6773503 


30 


4 


Tetragon 


•7071068 


45 


5 


Pentagon 


•8506608 


54 


6 


Hexagon 


1, Sicte^zJRadius. 


60 


7 


Heptagon 


M 523825 


64$ 


8 


Octagon 


1-3065630 


67i 


9- 


Nonagon 


1'4619022 


70 


10 


Decagon 


1-6186340 


72 


11 


Undecagon 


1-7747329 


73A 


12 


Dodecagon 


1-9318516 


76 



PROBLEM XXVI. 

I a given cirek to inscribe any regular pofygon ^ o^i U 
divide the circumference of a given circle into any nund^r 
of equal parts. ^ 



Divide the diameter A B» 
into as many equal parts as 
the figure has sides ; erect 
the perpendicular o Sfy from 
the centre a ; divide the ra- 
dius oy into four equal parts» 
and set off three of these 
parts from y to ^ ; draw a 
line from or to the second di- 
vision Zj of the diameter AB, 
and produce it to cut the 
circumference at C ; join AC, 
and it will be the side of the 
required polygon.* 



i H »-«»«'i 




* See Appendix, IXsmimitntMm 3. 
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PROBLEM XXVII. 

7b draw a etnaiffht line equal to any given are, of a circle^ 

A B. 

Divide the chord A B into four 
equal parts ; jEuid set off one of these 
parts from B to D ; then join D C, ^ 
and it will be equal to the length of ^ 
half the given arc nearly.* 

Or thus: 

From the extremity of the arc A B, 
whose length is required to be found, 
draw A o m, passing through the cen- 
tre ; divide o n into four equal parts, 
and set off three of these parts from n 
to m; draw m B, and produce it to 
meet A C drawn at right angles to 
Am; then will AC be nearly equal 
in leqg^ to the ai:c A B.t 



PROBLEM XXVIIL 
To nuAe a square equal <ii atea to a ffiven cirele. 



First divide the diameter A B 
into fourteen equal parts, and 
set off eleven -of them from A 
to S ; from S erect the perpen- 
dicular S C and join A C, the 
square of which will be very 
nearly equal to the area of the 
given circle.^ 





* See Appendix, Demonstration 4. f See Appendix, De mo nrtrat i o n 5. 

trS^ 4^pp0ndix, Demonitration 6i 
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PROBLEM XXIX. 

To constiructja Diagonal Scale, 

I>raw an indefinite straight line ; set off any distance 
A £ according to the intended length of the scale ; re- 
peat A £ any niunber of times, EG, G B, &c. ; draw 



C D parallel to A B at any 
convenient distance; then 
draw the perpendiculars A C, ^^ 
E F, G H, B D, &c. Divide ^ 
A E and A C each into ten 
equal parts; ^through 1, 2, 
3, &c, draw lines parallel to 
A B, and through x^ yy &c. 
draw x¥i yZy &c. as in the 
annexed figi^ure. 

The principal use of this 
scale is, to lay down any ^ 
line firom a givdn measure ; 
or to measure any line and 
compare it with others. — ^ 
Whatever number CF re- 
presents, F Z will be the 
tenth of it, and the sub- 
divisions in the vertical direc- 
tion FE will be each one-him- 
dredth part. Thus, if C F 
be a unit, the small divisions ^ 
in C F, viz. F Z, &c. will be H 
10ths,andthe divisions in the ^ 
altitude will be the 100th ^ 
parte of a unit. If C F be "^ 
V&i^ the small divisions FZ, 
&c. will be units, and those 
in the vertical line, tenths ; 
if C F be a hundred, the 
others will be tens and units.* 



Fig. 1. 




<j o)oot^«\^*9K>otH 



* See Appendix, Demonstration 7, 
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To take any nuiiib^r <tf tb& sdJe, . a$ suppose 2 ^^ that 
is, 2*38 : place ^ne foot of the compasses at D, and extend 
the other to the division marked 3 ; then move the com- 
passes upward, keeping one foot on the line D B, and the 
other on the line 3 ^, till you arrite at the eighth interval, 
marked 88, and the extent on the compasses will be that 
required. This-, however, may express 2*38, 23*8, or 238, 
according to the magnitude of the assumed unit. 

Note, ff C F were divided into 12 e^ual ipaiis, e^icb divtaion would 
be 1 indi, anA eock vertical divisioB l-lOlih ^ aa mob, by in^iiig 
G f one rod. 



PROBLEM XXX. 

To reduce a rectilinear figure to a similar one upon ekher 

a smaller or a larger scale. 

Take any point b 
P in the figure 
A B C D E, and 
from this assumed 
point dpraW lines to 
all the angles of the 
figure ; upon one of 
whichPA takePa ^ 
agreeably to the 
proposed scale; then 
draw a h^ parallel to 
AB,6ctoBC, ftc. 
then shall the figure 
abcdehe similar to the original one, and upon therequired 
Mnle. Or measure all the sides and diagonals of the figure 
by a scale, and lay down the same measures respecrtively 
fiiim another scale, in the required proportion. 

When the figure is complex, the reduction to a different 
scale is best accomplished by means of the Eidograph, an 
instrument invented by Professor Wallace, ,or by means of 
the improved Pentograph. 
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PROBLEM XXXI. 

To divide a circle into any number cf equal parU^ having 

their perimeters equal alio. 

Diride the diameter A B 
into the required number of 
equal parts, at the points C, 
Dy £, &c. ; then on one side 
describe the semi-circles 1, 2, 
3, 4, &c. and on the other side 
of the diameter describe the 
semi-circles 7, 8, 9* 10, &c. on 
the diameters B F, B £, B D, 
B C» Stc ; so shall the parts 1 
11, 2 10, 3 9, 4 8, &c.be 
equal both in area and perimeter. — Lsslce's Geometry, 
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MENSURATION OF SUPERFICIES. 



SECTION 11. 



The area of any plane figure is the space contained within 
its boundaries, and is estimated by the number of square 
miles, square yards, square feet, &c. which it contains. 



I. 



Long Measwre* 



12 Inches- - . 1 

S Feet ... 1 

<S Feet - - - 1 

Id) Feet Eng. 

6^ Yards 

40 Perches - - 1 

8 Furlongs - - 1 



}■{' 



Foot. 

Yard. 

Fathom. 

Pole or 

Perch. 

Furlong. 

Mile. 



II. 



Square Measure, 



144 Inches - - 

e Feet - - - 

36 Feet - . . 

272^ FeetEng. 

3o| Yards 

1600 Perches . . 

64 Furlongs 



\-v 



1 Foot 

1 Yard. 

1 Fathom. 
Pole or 
Perch. 

1 Furlong. 

1 Mile. 



In Ireland 21 feet make 1 pole or perch, and 7 yards 
therefore will make a pole or perch. There are other 
measures used, for which see Arithmetical Tables. 

Land is generally measured by a Chain, of 4 poles, or 22 
yards-; it consists of 100 links, each link being *22 of a yard. 
See Section XIL Survetfing. 

Duodecimals are calcmations by feet, inches, and parts, 
whleh decrease by twelves : hence they take their name. 

Multiplication of feet, inches, and parts, is sometimes 

called cross Multiplication, from Uie factors being multiplied 

crosswise. It is used in finding the contents of work done 

by artificers, where the dimensions are taken in feet, inches, 

'and parts. 
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RuuB. 

I. Write the multiplier under the multiplicand in 
sttch a manner, that feet shall be under feet, inches under 
inches, &c. 

II. Multiply each term of the multiplicand by the number 
of feet in the multiplier, proceeding from right to left ; 
carry 1 for every 12 in each product, and set down the re- 
mainder under the term multiplied. 

III. Next multiply the terms of the multiplicand by 
the number under the denomination inches, in the multiplier ; 
carry 1 for every 12, as before, but set down each remainder 
one place farther to the right than if multiplying by a num- 
ber under the denomination feet. 

IV. In like manner proceed with the number in the 
multiplier under the denomination parts or lines, re- 
membering to set down each remainder one place farther to 
the right than if multiplying by a number under the deno- 
mination inches. And so on with numbers of inferior deno- 
minations. 

V. Add the partial products thus placed, and their sum 
will be the whole product. ' 

IN GB0S8 MULTIPIilCATION IT IS U8UAI. TO SAY, 

• Feet multiplied by feet, give feet. 
, Feet by inches, give inches* 
Feet by parts, give parts. 

Inches by inches, give parts. 
Inches by parts, give thirds. . 
Inches by thirds, give fourths. 

. Parts by parts, giye fourths. 
Parts by thirds, give fifths. 
Parts by fourths, give sixths. &c.* 



* In multiplication, ihe inultipUer must always be a number of 
times ; to -talk of multiplying feet by feet, &c. is absurd, for what notion 
can be formed of 7 feet faken 3 feettitnes? However, since the above 
eisily sug^es^ the cofrect meHning, and is a concise, method of expressing 
ike rule, it has been thought proper to retain it. See Appendix, Be- 
moQStiatiQn S. « • 



2S MXNSDKATXOir 07 SOfSBClOISSi; 

1. Multiply 7 feet 9 inches by 3 feet 6 inches. 

7. I. 

7.9 
3 . 6 



23 . 3 

3 . 10 . 6 

27 . 1 . 6An^ 



V T P FTP 

2. Multiply 240 . 10 . 8 by 9 . 4 . 6 

9.4.6 



2168 . 





. 




80 . 


3 


. 6 . 


8 


10 . 





. 5 . 


4 



2268 . 4.0.0 Ans. 

F. I. p. p. I. p. p. I. p. "' "" 

3.Multiply 8. 5. by 4. 7. Am, 38. 6.11. 

4. Multiply 9. 8. by 7. 6. — 72. 6. 

5. Multiply 7. 6. by 5. 9. — 43. 1. 6. 

6. Multiply 4,. 7. by 3.10. — 17. 6.10. 

7.Multiply 7. 5.9by 3. 5.3.— 25. 8. 6.2.3. 

8.Multiply 10. 4.5by 7. 8.6.— 79.11. 0.6.6. 

9.Multiply 75. 7.0by 9. 8.O.— 730. 7. 8. 

lO.Multiply 57. 9.0by 9. 5.0. — 543. 9. 9. 

n.Multiply 75. 9.0byl7. 7. 0.— 1331.11. 3. 
12. Multiply 321. 7.3by 9. 3.6.-2988. 2.10,4.6. 

13.Multiply 4. 7.8by 9. 6. — 44. O.JO. 

H.Multiply 39.10.7byl8. 8.4.— 745. 4.10.2.4.. 

N§te, — AU tfiflie can be solred by the method of aliquot parft, thui :.. 
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ax 



15, 



6' 
2' 
4" 
6' 
I' 
4" 
1" 



Multiply 368 . 7 . 5. by 137 
137 -• 8 . 4 



8 



I'll ■ ■HK ia m 



2576 
1104 
368 

184 
61 
10 



d 

5 



68, 6 



11 . 
3 . 



5 

9 



. 11 



8 

2 

^0 



8 
6 



6 
10 

9 



8 



>' ■ ■ 



-4iw- 50756 . 7 . 10 . 9 . 8 



PROBLEM L 

Tojmd the Area of a Squdre. 

Rule. Multiply the length ^ 6 

of the side by itself, and the 
product will be the area.* 

1. Let the side of the wpsae 
ABCD he &: what is its area ? 

Anf' 6x6=369 the area. 

2. What is the area of a square 
whQSj^sidci ii^ 15 chains ? 

AnS' 225. 

3. Whftt v» ti^area at a square 
whose aide w 7 feel 9 ioi,ehes ? 

• 4m 60^. Jj 



u 

4 



* 
















• 


- 


* 





6 



C 



4. What is the area of a, square whose side is 4769 links ? 

^in^. 22743361. 



89§ii4fip«odM^. P«iPQD4r8(ioQ.^. 
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PROBLEM II. 

• » 

To find the area of a JRectangle. 

Rule. Multiply the length of the rectangle by its breadth j 
and the product will be the area.* 



A. 


( 

^ 


■ 
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• 




















^ 








_l 


■ 




• 










■ 








• 
























• 


• 


• 
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* 










































































































1 
1 






















ID 










. 












- 





1. Let the sides of the rectangle A B C D be 12 and 9^ 
what is its area ? . Ans* 12x9=108, the area. 

2. What is the superficial content of a plahk, whose length 
is 5 feet 6 inches, and breadth 7 feet 8 inches ? 

Ans. 42 feet 2 inches. 

3. What is the area of a field whose boundaries form a 
rectangle, its length being 176 links luid breadth 154 links ? 

Ans. '27104 of an acre. 

4. What is the superficial content of a floor, whose length 
is 40 feet 6 inches, and breadth 28 feet 9 inches ? 

Ans. 1164 feet 4 inches, 6 parts. 



* See A{>pendix, Demonstaition 8. 
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PROBLEM III. 
To find the area tfa Rhombue. 

RuiiE. Multiply the * 

length by the pefpen- 
dicular breadth, and the 
product will be the 
area.* 

1. What is the area 
of a rhombus, whose 
side is 16 feet, and per- 
pendicular breadth 10 
feet? Ans. 16 X 10 
= 1 60 feet, the area. 35" 

2. What is the content of afield in the form of a rhombus, 
whose length is 7*6 chains, and perpendicular height 5*7 
chains ? - Ans. 43*32 chains. 

3. What is the area of a rhombus, whose side is 7 feet 
6 inches, and perpendicular height 3 feet 4 inches ? 

Ans» 25 feet. 

4. What is the area of a rhombus whose length is 3 yards, 
and pierpendicular height 2 feet 3 inches ? 

Ans. 20 feet 3 inches. 



PROBLEM IV. 
To find the area of a Triangle* 

Rule. Multiply the base by the perpendicular height, and 
divide the product by two for the area.t 

1. The base of a triangle is 76 5 feet, and perpendicular 
99*2 feet ; what is its area ? 

Ans. 76-5x92-2-r2=3526-65 square feet, the area. 



* See Appendix, Demonstration 9. 
f See Appendix, . Demonstration 10. 



m 



MsmsvmATioif ^f surEwnessm. 



2. The base of a triangle is 72*7 yards, and the perpen- 
dicular height 36-5 ya^n^, what iB itsoirea ? 

Ans. 1326-775 yards. 

3. The base of a trianguW field is 1^76 links, and perpen- 
dicular 976 Hnks ; how masy acres in it ? 

Ans. 6 acres, 36*3008 perches. 

4. The base of a triangle measures 15 feet 6 inches, and 
the perpendicular 12 feet 7 inches ; what is its area ? 

Ans. 97 feet 6^ inches. 

PROBLfiM V. 
Having the three sides of any Triangle giten^ to find its area. 

B 




RtTLB I. From half the sum of the three sides subtract 
each side separately, then multiply the half sum and the 
three remainders together, and the square root of the last 
product will be the area of the triangle.* 

Rule II. Divide die dii^renoe b^w^en the squares of 
two sides of the triangle by the third side ; to half this third 
side add half the quotient, and deduct the square of this sum 
from the square of the gffeater side, the remainder will be 
the square of the perpendicular, the square root of which, 
multiplied by half the base, will give the ar^ of the 
triangie*"! 



* See Appeadixy Demonatrttion 11. 
f See AppeadiaE» Qettomtra&ioD 12. 
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1. Given the Bide A B = 9-2, B C= 7-5, and A C = 5-5. 
Kequired the area of. the triangle ? 

9-2 
7-5 
5-5 



Sum 22*2 



i Sum IM— 9-2=:l-9) : then V (IM X 1-9 X 3-6 X 5-6) 

V 425-1744 ^20*619 the area 
by Rule L 



IM— 9-2=:l-9) : t 
11.1_7.5=:3.6 y = 

IM— 5-5=5-6) by 



Again, 9'^ — 7-5« = 84-64 — 56-25 = 29-39 ; then 28-39 
-2-5-5 = 5-161818, quotient. 

Now (5-161818 -^. 2) + (5-5 -J- 2) = 2-580909 + 2-75 =. 
5-3309 =2 half quot. plus half third side : then 84-64 — 
28-41849481 r: 56-22150519> and V 56*22150519 = 7-498 
=. perpendicular ; then 7*498 X 2-75 = 20-619 the area as 
before. 

2. What is the area of a triangle whose sides are 50, 40, 
and 30 ? Am. 600. 

3. The sides of a triangular field are 4900, 5025, and 2569 
finklB ; how many acres does it contain ? 

Ans. 61 acres 1 rood 39*68 perches. 

4. What is the area of an isosceles triangle, whose base is 
20, and each of its equal sides 15 ? Ans. 111*803. 

5. How many acres are there in a triangle, whose three 
sides are 380, 420, and 765 yards ? 

Ans. 9 acres, 38 poles. 

6. How many square^ yards in a triangle, whose three 
sides are 13, 14, and 15 feet ? Ans. 9i square yards. 

7. How many acres, &c. in a triangle, whose three sides 
are 49, 50*25, ^nd 25*69 chains ? 

An9, 61 acres 1 rood 39*68 perches. 
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PROBLEM VI. 
To find the area of an equilateral triangle. 

Rule. Square the side, and from this square deduct its 
fourth part ; then multiply the remainder by the fourth part 
of the square of the side, and the scmare root of the product 

will give the area.* Or multiply —by V 3 for the area.f 

4 

1 . Each side of a triangular field, ABC, measures 4 perches, 
what is its area ? 

4« = 16, then 16 -4- 4 = 4 and 16 — 4 = 12 : then 
12 X V = 12 X4 = 48, and V 48 = 6-928, the area. 

2. How many acres in a field of a triangular form, each 
of whose sides measures 70 perches ? 

Ans. 13 acres 1 rood 1 perch. 

3. The perimeter of an equilateral triangle is 27 yards, 
what is its area ? ♦ Ans, 35,^Ci74. 

JVote, When the triangle is isosceles, the perpendicular is equal to the 
square root of the difference between the squares of either of the equal 
sides, and half the base. 

PROBLEM VII. 

Given tJie area and altitude of a triangle, to find the base* 

Rule. Divide the area by the (J 

altitude or perpendicular, and double 
the quotient will give the base4 

1. Given the area of a triangle 
= 12 yards, and altitude = 4; what 
is its base ? 

Ans. 12-^4=3; then 3x2 = 6 
yards, the base AB. 

2. A surveyor having lost his field book, and requiring 




• See Appendix, Demonstration 18. 
t See Appendix, Demonstration 14. 
i See Appendix, DemooBtration 15. 
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the base of a triangular field, whose content he. knew from 
recollection was 14 acres, and altitude 7 yards, how much is 
the base ? Ans. 19360 yards. 

PROBLEM VIIL 
Given the area of a triangle^ and its base, to find its akitude. 

Rule. Divide the area by the given base, and double 
the quotient will give the perpendicular. 

The reason of this rule is manifest, from the last. 

1. Given^ the area of a triangle =12, and its base = 6, 
what is its perpendicular height i' 

Ans. 12 -f- 6 = 2 ; then 2 X 2 = 4 the altitude. 

PROBLEM IX. 
Gvven any two sides of a right angled triangle, to find the 

third side, and thence its area. 

Rui{£. 

I. To the square of the perpelndicular add the square 
of the base, and the square root of the sum will give the 
hypbthenuse. 

II. The square root of the difference of the squares of 
the hypothenuse, and either side will give the other. 

III. Or multiply the sum of the hypothenuse and either 
side, by their difference ; and the square root of the product 
will give the other.* 

1. Given the base ACS, the per- 
pendicular C B 4 ; required the hypo- 
thenuse A B ? 

3* + 4* = 25 ; then V 25 = 5, 
the hypothenuse A B. 

2. Given A B 5, A C 3 ; required 
C B ? 

5^ — 3' = 16 ; then V 16 = 4 
the side B C ; or, (5-|-3) X (5 — 3)= « , 
8x2 = 16; then V 16 = 4, as before. ^ 

3., Given A B 5, B C 4 ; required A C. 

52—4^ = 9; then V 9 = 3 the side A C; or (5+4) 
X (5 — 4) = 9 X 1 = d ; then V 9 = 3, as before. And 
3x4-7-2 = 6 the area of the triangle. 

* See Appendix^ Demonstration 16. 

c5 
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4. The wall of a building on the brink of a river is 120 
feet, and the breadth of the river is 70 yards, what is the 
length of the chord in feet that will reach from the top df 
the building across the river ? Ana. '241*86 feet. 

5* A laddher 60 feet long, will reach to a window 40 feet 
from the flags on one side of a street, and by turning the 
ladder over to the other side of the street, it will reach a 
window 50 feet fcom, the flags ; required the breadth of the 
street ? Ans. 77-8875 feet. 

6. The roof of a house, the side walls of which are the 
same height, forms a right angle at the top, the length cf 
one rafter being 10 feet and its opposite one 14 feet, what 
is the breadth of the house ? Ans, 17'204. 

PROBLEM X. 
Given the base and perpendicular of a right angled triangle^ to 
.find i^ perpendicular let fall on the hypothenuse from the 
right angle ; and also the segments into which the hypo^ 
thenuse is divided hy this perpendicular. 

Rule. Find the hypothenuse by Prob. 
IX. Then divide the square of the greater 
side by the hypothenuse, and the quotient 
will give the greater segment, which de- 
ducted from the entire will give the less. 
Having found the segments, multiply them 
together, and the square root of the pro- 
duct will give the perpendicular.* A 

1. Given ACS yards, and C B 4 yards ; required the 
segments B D, DA, and the perpendiular D C. 

3* +4« = 25:then V 25 = 5 = AB. 

4« -^ 5 = 16 -^ 5 = 3-2 = B D ; then 5 — 3-2 = l-8= A D. 

Again, 3-2 X 1-8 = 5-76 ; then V 5-76 =.2-4 = D C. 

2. The ,roof of a house whose side walls are each 30 feet 
high, forms a right angle at the top; now if one of the 
rafters be 10 feet long, and its opposite yoke fellow 12, re- 
quired the breadth of the building, the length of the prop 
set upright to support the ridge of the roof, and the part of 
the floor at which it must be placed ? 

Ans* Breadth of the building 15*6204 feet, greater segment 

* See Appendix, Demonstration 17. 
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9*2 1 86 feety lessor segment 6*401 8 feet, and length of the prop 
37-68 feet 

PROBLEM XL 

To jfittd the area ef a Trapese^iwn. 

RtTLE. Dmde the trapezium into two triangles, by joining 
two of its opposite angles ; find the area of each triangle, and 
the sum of both ^eas will give ^e area of the trapezium. 

Or: 
Draw two perpendiculars irom the ofqKMsite angles to the 
diagonal ; then multiply the sum of these perpendiculars by 
the diagonal, and haff the product will give the area.* 

1. In the trapezium ABCD, the diagonal AC is 100 yards 
the perpendicular D£ 35, and BF 30 ; what is its area ? 
DE = 35 , 

B F = 30 

"^ ^^ 

100 



2)6500 




3250 the area. 

2. What is the area of a field, whose south side is 2740 
links, east side 3575 links, north side 3755 links, west side 
4105 links, and the diagonal from south-west to north-^ast 
4835 links ? Ans. 123 acres, 1 1-8633 perches. 

3. In liie trapezium A B C D, the side A D is 15j D C 1 3, 
C B 14, and A B 12 ; also the diagonal A C 16 ; what is its 
area ? Am. 172-5247. 

4. In the trapezium ABCD, there are given A B 220 
yards, D C 265 yards, and A C 378 yards ; also A F 100 
yards, and £ C 70 yards, what is its area ? 

Ans, 85342-2885 yards = 17 acres 2 roods 21 perches. 

5. In the trapezium ABCD, there are given •^^ B 25K) 
yards, DC 265 yards, B F 195-959 yarcfe, D E 255^875 
yard ; also F E 208 yards ; required the area of the trape* 
zium ? An». 85342-2885 yards. 



* See Appendix, Demoiistratioii'18. 
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6. Suppose in the trapezium A B C D, on account of ob- 
stacles, I can only measure A B, DC, B F, D E,* and F D, 
\yliich are respectively 22 yards, 26 yards, 19 yards, 25 yards, 
and 32 yards, required the area. . ^ 

Arus* 84055 square yards. 

PROBLEM XII. 

To find the area of a Traptziuan inscribed in a circle^ or of 
any one whose opposite angles are topeiher eqital to two 
right angles, ' 

Rule. Add the four sides together, and take half the sum, 
from this half sum deduct each side separately ; and the 
square root of the product of the four remainders will give 
the area of the trapezium.* 

1. What is the area of a four-sided field, whose t)pposite 
angles are together equal to two right angles, the length of the 
four sides being as follows, viz. A B 12*5, A D 17, D C 
17-5, and B C 8 yards? 

12-5 

17-0 

8 



2)55 



27-5 

27-5 27-5 27-5 27-5 
12-5 17 17-5 8 




15 X 10-5 X 10 X 19-5 = 30712-50; then V 
30712-50 = 175-25, the area in yards. 

2. There is a trapezium- whose opposite angles are together 
equal to two right angles ; the sides are as follows, viz. A B 
25, A D 34, D C 35, and B C 16 ; required its area. 

Ans. 700-99. 



* See Appendix, Demonstratioii 19. 
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PROBLEM XIII. 

To find the area of a Trapezoid, 

Rule. Multiply half the sum of the two parallel sides by 
the perpendicular distance between them, and the product 
will give the area.* 

1. Let A B C D be a 

trapezoid, the side A B=:40, 
D C = 25, C P = 18, re- 
quired the area. 

40 

25 





F 

65 -^ 2 = 32-5 X 18 = 585 area. 

2. What is the area of a trapezoid, whose parallel sides 
are 750 and 1225 links, and the perpendicular height 1540 
links ? Ans. 15 acres, 33*2 perches. 

3. What is the area of a trapezoid whose parallel sides are 
4 feet 6 inches, and 8 feet 3 inches ; and the perpendicula 
height 5 feet 8 inches? Ans. 36 feet 1^ inches. 

4. What is the area of a trapezoid whose parallel sides are 
1 476, and 2073 yards, and perpendicular height 976 yards ? 

, Ans. 220 acres 3 roods 25 perches 7 yards 'Irish. 

PROBLElil XIV. 

To find the area of an irregular Polygon, 

Rule. Divide the figure into triangles and trapeziums, 
and find the area of each separately, by problem IV. or XL 
Add these areas together, and the sum will be the area of the 
polygon.f 

1. What is the area of the irregular polygon ABCDEFGA, 
the following lines being given ? , 



* See Appendix, Demonstration 20. 

f In finding the area of an irregular figure, draw a line through the 
extreme angles of the figure, on which let fall perpendiculars from all 
the other angles of the polygon, which will divide it into triangles and 
tnpecoidi; then bad Uie area of these by Problems IV. and XIII. 
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AO 


= 9 


GB 


= 29 


C n. 


= 11 


GC 


= 28-4 


F * 


= 14-5 


C.V 


= 13 


FD 


= 35 


E« 


= 7-4 






a p 


AO 
C » 


= 9 
= 11 




2)20 sum 




10 half 

29 diag. G B 




290 = area of A B C G A. 


Ez 


= 13 

= 7-4 




2)20-4 sum 


1 


10-2 half 
35 




357-0 area of F C D E F. 


F jp 
i GC 


= 14-5 
= 14-2 




205-9 area of G F C. 


290 = 
357 = 
205-9 = 


= area of A B C G A 
= area of F C D E F 
:;areaof GFC 


Jmt^ 862^9^ 


= area «f A B C D E F G A 
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2. In a fiye-dided field G C D £ F G there is 6Cc=26 
perches, F 4r =: 14 perches, C^ = 1 3 perches, 4r£ s: 7 p^ ches, 
and F D = 35 perches ; required its area ? 

Am. 3 acres 1 rood 26 perches. 

3. In the annexed figure, there are given in perches, 
AX = 15 ,AP=17 FR = 10 



XR = 8 
RT z= 14 
TD = 6 
Reqtdred ^e area ? 



P S = 14 E T = 12 

SD = I2 BP=20 

G X = 5 C S == 14 

.^11^. 4 acresB roods 19^ perches. 




PROBLEM XV, 

Tojind the area of a regular Polygo/HL 

Rule I. Add all the sides together, and multiply half the 
sum by the perpendicular drawn from the centre of the 
polygon to the middle of one of the sides, and the product 
will give the area. This perpendicular is the radius of the 
inscribed circle. 

Ruub II. Multiply the square of the side of the polygon 
by the number standing opposite to its name in the following 
table, under the word area, and the product wiU give the area 
of the polygon. 

RUI4B III. Multiply the side of ihe polygon, by the num- 
ber standing oj^pcMsite toitsnaineifoCfae 'edvhAi of the follow- 
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ing table, headed '< Radius of inscribed Circle,'' aiid^ the 
{MToduct will be the perpendicular from the centre of the poly- 
gon to the middle of one of its sides ; then multiply half the 
sum of the sides by this perpendicular, and the product 
will g^ve the area.* 

TABLE II. 
When the side of the Polygon is 1. 



No. of 
Sides. 



3 
4 
5 
6 

7 
8 

9 
10 
11 
12 



Radius of iiucrib. 
ed Circle. 



0-2886751 
0-5000000 
0-6881910 
0-8660254 
1-0382617 
1-2071068 
1-3737387 
1-5388418 
1-7028437 
1-8660254 



Area of Polygon. 



0-4330127 
1-1000000 
1-7204774 
2-5980762 
3-6339124 
4-8284271 
6-1818242 
7-6942088 
9-3656404 
11-1961524 



f 



tan. 300 =^ V 3 
tan. 45° =1x1 



|tan.54o=|\/(l+fV5) 
« tan. 60° =|V3 

tan. 64^° 

tan.67|o=2x(l+V2) 

tan. 70® 
10 tan.720 =| V (5+2 V 5) 
O tan. 73^-^0 
i^tan.75o=3X(2+V3) 
Z J I 



JNote, The radius of the circumscribed circle, when the side of the 
polygon is 1, may be seen in Table I. 

The expressions in the fourth column may be seen in Trigonometry, 
to which the pupil is referred for a full investigation of thenf. The 
tangents of the angle O a C in the heptagon, nonagon, and .undecagon, 
are extremely difficult to be found without a table of tangents. 

1. The side of a pentagon is ^0 yards, and the perpendi- 
cidar from the centre to the middle of one of the sides is 
13-76382; required the area? 

By Rule I. 20 X 5 X 13-76382 -i- 2 = 1376*382 -f- 2 = 
688-191. Arts. 

By KuLE II. 20 X 20 X 1-720477 =i 688-19, the area as 
before. 

2. The side of a hexs^on is 14, and the perpendicular from 
the centre 1 2- 1 243556 ; required the area? Ans. 509*2229352^ 

3. The side of an octagon is 5-7, required its area ? 

Ans. 156-875596479. 



* See Append!]^ Demonstration 21. 
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4. The side of a heptagon is 19*38 yards, what is its area ? 

Ans. 1364-84. 

5. The side of an octagon is 10 feet, what is its area ? 

Ans. 482-84271. 

6. The side of a nonagon is 50 inches, what is its area ? 

Am. 15454-5605. 

7. The side oi an undecagon is 20, what is its area ? 

-tfiM.3746-25616- 

8. The side of a dodecagon is 40 y^ds, what is its area ? 

Ans. 17913-84384. 

PROBLEM XVI. 
Given the diameter of a circle^ to find the eircumferenee ; 
or the circumference to find the diameter^ and thence the 
area. 

Rule.* 

I. Say as 7 : 22 II the given dia- 
meter : circumference. ds^^^fes^^ 

Or, as 113 : 355llthedidmeter:the 
circumference. 

Ch% as 1 : 3*1416 1 1 the diameter: the 
circumference. 

II. Say as 22 : 7 1 1 the given cir- 
cumference : the diameter. 

Ch; as 355 : 1 13 1 1 the circumference 
: the diameter. 

Or, as 3*1416 : 1 II the circumference : the diameter. 

1. The diameter of a circle is 15, what is its circumfe- 
rence ? 

7 : 22 II 15 : S2 X 15 -i-7 = 330-^7 = 47*142857. 

Or, 113 : 355 II 15 : 355 X 15 -i- 113 = 5325 -i- 113 
= 47*124. 
. Or, I: 3*1416 1 1 15 : 3*1416 X 15 = 47*124. 

2. The circumference of a circle is 80, what is its dia- 
meter ? 

22 : 7 1 1 80 : 7 X 80 -r- 22 =25*45. 

355: 113II 80: 113 X 80 -^ 355 = 25*4647. 

3-1416 : 1 1 1 80 : 80 -T- 3*1416 = 25*4647. 




* See Appendix, Demonstration 22. 
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3. What 18 the circumference of a circle, whose diameter 
is 10? Ans. 3l'42S6. ^ 

4. What iis the diameter of a circle whose circumference 
is 50? Am. 15-909. 

5. The diameter of the earth is 7958 miles, 'what is its 
circumference ? Ans. 25000-8528 milei^. 

6. The circumference of the earth being 25000-8528 
miles, wh^t is its diameter ? Ans. 7958 miles. 

PROKLEM XVII. 
T0 find the lenffth of an arc of a circk. 

Rule. I. Multiply the radius of the circle by the number 
of degrees in the given arc, and that product by -01745329, 
and the last product will be the length of the arc* 

RuiiE II. From eight times the chord of half the arc, 
subtract the chord of the whole arc, one-third of the re- 
mainder will give the length of the arc, nearly.f 

1. If the arc A B contain 30 degrees, the radius being 
9 feet, what is the length of the arc? 
30 X 9 = 270, and 270 X -01745329 ^ 4-7124. Ans. 




2. If the chord A D of half the arc ADB be 20 feet, and the 

chord A B of the whole arc 38, what is the length of the arc ? 

20X8 — 38=122; then 122-^3 = 40| feet, Ans. 



* See Appendix, DemonstMition 2d. 
f ^ee Appendix, Demonstration 24. 
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3. The chard of im arc is 6 feet, xad the chol-d of half 
the arc is 3^ required the length of tfie whole arc ? 

Am. 7J. 

4. The chord of the whole arc is 40, and the versed sine* 
or height of the segment 15 ; what is die length of the arc ? 

Am. 6^. 
6. The chord A B of the whole arc is 48*74, and the 
chord AD of half the arc 30*26 ; required the length of the 
arc. ^ns. 64*42. 

6. A B = 30, D P = 8 ; required the length of the arc. 

Am. 35\. 

PROBLEM XVm. 

To.Jind the area qf a circk. 

Itui«E I. Multiply half the dr^umferenoe by half the dia«- 
meter, {or the area.| 

Rdub II. Multiply the square of the diameter by *7854, 
fot the area4 

Rui^ III. Multiply the square of the drciunferenoe by 
.07958.§ 

Bmjs IV* As 14 to 11, so is the square of the diameter 
to the area. 

Buus v. As 88 to 7> so is the square of the circumfer^M^ 
to the area. 

1. To find the area of a circle whose diameter is 100, and 
circumference 314*16. ' 

By RuiiE I. • By Rule IL By Rm*E IIL 

3-1416 -7854 98696*5 sq. cir. 

100 100* = 10000 -07958 



4)31416 Area 7854 7854* Area. 



Area 7854 



• By *< versed sine," in works on mensuration, is not meant the trigo- 
nometrical yersed sine of the whole arc, but of half the arc 
f See Appendix, Demonstration 22. 
\ See Appendix, Demonstration 22. 
J^See AppendvE, Demonstration 25« 
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By. RuME IV. By Rvue V. 

100« = 10000 98696-5 sq. cir. 

11 7 



2)110000 8)690875-5 



7)55000 11)86359*4 



Area 7857 7850-85 

2. What is the area of a circle whose diameter is 7 ? 

Ans.SS^ nearly. 

3. How many square yards are in a circle whose diameter 
is l^yard? Ans. 1.069* 

4. The surveying wheel turns twice in the length of 16^ 
feet ; in going round a circular bowling green it turns exactly 
200 times ; how many acres, roods, and perches in it ? 

Ans. 4 acres 3 roods 35*8 perches. 

5. The circumference of a fish-pond is 56 chains, what 
is its area ? Ans. 249*56288. 

6. What is the area of a quadrant, the radius being 100? 

Ans. 7854. 

7. Required the length of a chord fastened to a stake at 
one end, and to a coVs horns at the other, so as to allow 
her to feed on an acre of grass and no more. 

Ans. 39j yards. 

8. The circumference of a circle is 91> what is its area? 

Ans. 659-00198. 

9. The diameter of a circle i» 15 perches, what is its 
area? Ans. 176-715. 

10. What is the area of the semicircle of which 20 is 
the radius ? Ans. 628-32. 

PROBLEM XIX. 

Given the diameter of a circle to find the side' of a square 

eqwd in area to the circle. 

Rule. Multiply the diameter by -8862269, and the pro- 
duct will be the side of a square equal in area to the circle.* 

* See Appendix, Demonstration 26. 
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1. If the ^ameter of a circle be 100» what is the side of 
a square equal in area to the circle ? Ant. 88'62269« 

2. The diameter of a circular fish-pond is 200 feet, what 
is the side of a square fish-pond equal in area to the circular 
one ? Ans. 177-24638. 

PROBLEM XX. 

Given the circumference of a circle to find the tide of a 
\ square equal in area to the circle* 

RuJLE. Multiply the circumference by '2820948, and the 
product will be the side of the square.* 

1. The circiunference of a circle is 100, what is the side 
of a square equal in area to the circle ? An8. 28*20948. 

2. The circumference of a round fi^-pond is 200 yards, 
what is the side of a square fish-pond eqiud in area to the 
round one ? - Ana. 56*41896. 

PROBLEM XXI. 

Given the diameter to find the side of ike inscribed square. 

B 
Rule. Multiply the diametei^ by 

*7071068, and the product will gire 

the side of the inscribed square.f 

L The diameter of a circle is 
1 00, what is the side of the inscribed -A-j 
square ? Ans: 70*71068. 

2. The diameter of a circle is 
200, what is the side of the^inscribed 
square? Ans. 14 1-421 36. 

PROBLEM XXIL 

Given the area of a circle, to find the side of the inscribed 

square. 

Rule. Multiply the area by -6366197, and extract the 
square root of the product which will give the side of tlie 
inscribed square.^ 

* See Appendix, Demonitration 27. 
f See Appendix, Demonstration 28'. 
i See Appendix, DemonstTBiion 29. 
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1. The area of a ctcde is I(K^ wfaaft is.tbfi side of the in- 
scribed squai;e ? v^f»« 7*97884. 

2. The area of a circle is 200) what is the side of the 
inscribed square ? 

/200X -6366197 =127-3239400; then V 127-32394ea3D 
11-2837. Ans. 

PROBLEM XXIIL 

Giffen the side of a square^ to fiii^ the diumetir of the 

circumseriped cipck. 

RuiiE. Multiply the side of the square by 1 '4 1421 36, and 
the product will give the diametep of th0^ cveumscribed 
circle.* 

1. If the side of a square be 10, what is the diameter of 
Ae circumscribed circle ? i#rt*. 14^142136. 

2. If the side of a square be 20, find the diameter of the 
circumscribed circle^ Ans. 28*284272. 

PROBLEM* XMV. 

Gfii>en the fide of a square^ to find the eireun^srence of ^ 

circumscribed circle. 

RniiE. Multiply ^ the side of the square by by 4^4(16934^ 
and the t>roduct will be, the circumscribed circle.'f 

L If the side of a, square be 100, what is the circum- 
ference of the circun^cribed circle ? Ans. 444*28934. 

2. If the side of the square be 30, what is the circumfe-' 
rence of the circumscribed circle ? Ans. 133*286802. 

PROBLEM. XXV, 

Crjv^ the spd^ of a square, tq find the diamet^ of a cireU 

eqiidt in area to the square, 

RiTLE. Multiply the side of the square by 1*1 283791 r 
and the product will be the diameter of a circle equal in 
area to the square whose side is given.} 

% Sed 4^p0AiiiWf^ D.«ittoiwtnlion 32. 
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1. If the Bide of a square be 100» iHtet is the. dianeler of 
the circle whose area is equal to the square whose side i» 
100 ? Ans. 112-83791. 

2. What is the diameter of a circle equal in area tp a 
square whose side is 2,00 ? jlns. 225-67582. 

PROBLEM XXVI. 

Ghfen the side of a square to find the eircumferenee €f ii 
6trdS^ i^Aoje area is equcd to the square toh^seside is ffivem. 

ticuE, Multiply the side of the square hy 3*5449076, and 
the product will give the circumference of a circle equal 
in area to the given square.* 

1. What is the circumference of a circle, whose area 
may be equal to a square whose side is 100 ? 

Ans. 354-49076. 

2. Find the circumference of a circle equal in area X6 a 
square whose side is 300 ? Jns. 1063-47228. 

PROBLEM XXVIL 

To find the area of a sector of a circls. 

Rni£ I. Multiply half the length of the arc by the radius 
of the circle, and the product i3 the area of the sector, f 

Rui<E IL As 360 is to the degrees in the arc of the sectcnr, 
so is the area of die whole cirx^le to the area of the sector.]: 

1. Let ACBO be a sector less than a 
semicircle whose radius AO is 20 feet, ^ 
and chord AB 30 feet, what is the area? ^ 

First, V (A0« — ADO = ^/ (400 
— 225>?:13-228=OD ; then OC — OD 
= 20 — 13-228 = 6-772 = C D. 

Again, v' (A D2 + C D^ = ^(225 
+ 45-859984)= 16-4578 = A C, the 
chord of half the arc. 

• See Appendix, pepaonstration 33. 
f $ee Appen^i, DetnbfMtMtioii 34^ 
\ See Appeiutii^ OcmoBfltraHon 95. 
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Hei>Ge, by Probl^M XVII. the arc A B is 33'8&74 ; then 

33*8874 

— ^ — X 20 = 338-874, the area required. 

2. Let A E F B O A be a sector 
greater than a semi-circle, whose ra- 
dius A O is 20, the chord £ B 38, and 
chord B F of half E*F B 23 ; required 
the area. 

^ ' 23 = chord BF 

8 



184 
38= chord B E 




3)146 



48-666, &c. = arcBFE 
20 



973^ area. , ^ 

3. What is the area of a sector, whose arc contains 18 
degrees, the diameter being 3 feet ? 

•7854 
9 



Then 360 : 18 : : 7*0686 : the area of the sector ; 
Or, 20 : 1 :: 7-0686 : -35343, Ans. 

4.' What is the area of a sector whose arc contains 147 
degrees 29 minutes, and radius 25 ? Am* 804-3986. 

5. What is the area of a sector whose arc; contains 18 
degrees, the radius being 3 feet? Am. 1-41372. 



PROBLEM XXVIIL 

To find the area of the sepmeni cf a drcie. 

Rule I. Find the area of the sector having the same arc 
with the segment, by the last problem ^ find also the area 
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of the triangle, formed by the chord of the segment and the 
two radii of the sector. Then add these two areas together, 
mrhen the segment is greater than a semi-circle^ but find 
their difference when it is less than a semicirole^ the re*-, 
suit will evidently be the answer. 



1 . What is the area of the segment 
A C B D A, its chord A B being 24, 
and radius A£ or£C 20? 

V^ (A E« — A D«)=: v^(400 — 
144) = 16 = DE; EC — ED = 20 
-• 1 6 = 4 = C D ; V ( A D« + D C*) 
= ^ (144 + 16) = 12-64911 = AC ; 

^^(ACX8)-^^ 25-7309 = 

arc A C B, 

And 12-8654 = half arc 
20 = radius 




12 
16 



AD 
DE 



257-308 = area of sector EBCA. 192 = area of a ABE 
192 = area of a A B E 



65-308 = area of segment A B C A. 

2. Let AGFBA be a segment greater than a semi- 
circle, there are given the chord A B 20-5, F D 17-17, 
AF20, FGll-5, andARll-64, required the area of the 
segment ? 

( F G X 8) — A F _ (1 1-5 X 8) — 20 ^, ^ , ' ^ 
^ 5^ = ^ -— = 24 the length of 

the arc A G F (Problem XVII.) ; then 24 X 11-64 = 
279-36, area of sector A E B F G A (Problem XXVII.) 
Again, FD — EF = 17-17— 11-64 = 5-53= ED; then 

A B XED 20-5 X 5-53 ^^ ^^^^ ^ ^ i. . 
— ■ := 56*6825 the area of the tn- 

angle ABE, which being added to the area of the sector 
before found will give the area of the segment, viz. 279*36 
+ 56-6825 = 336-0425 the area of the segment AGFBA. 
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RtTLs II. To two-thirds of the product of the chord and 
▼ersed siti^ of the segment, add the cube of the versed sintf 
divided by twice the chord, and the sum will give the area 
of the segment nearly. 

When the segment is greater than a semicircle, find the 
area of the remaining segment, and deduct. '}t irom ti^^ area 
of the whole circle, the renudnder will give the area of the 
segment.* 

3. What is the area of the segment A C B, lesis than a 
semi-circle, its chord being 18*9y and height or versed sine 
D C 2-4 ? 

AB X D C = 18-9 X 2-4 = 45-36, and f A BxD C 

= f X 45-36 = 30-24 ; then ^ J 1 8-9 ^ '^^^^ ' ^^^ ^^ 

+ -36571 = .30-60571 the area. 

Note, If two chords of a circle cut one anq^er, the rectangle contain- 
ed by the segments of one of them is equal to the rectangle contained by 
fte segments of the other. This is the 95th Proposition of the IIL Book 
of Euclid. 

4. Required the area of the segment A G If B whose height 
F D is 20, and chord A B 20 ? 

45=H2=10z=AD, anidAD« = 100; butAD*=FD 
2 2 • 

vnr . rn ^ AD^ _ioo_^ 

XDC.-. CD _-.j_-__ = 5. 

The area of the segment A C B is, by the last case, 
69-7916 ; and the area of the whole circle, by Frob. XVIII. 
is 490-87 ; then 490-875 —69-7916 = 421-0834 = area of 
the segment A G F B. 

5. What is the area of the segment A G F B, greater than 
-a semi-circle, whose chord A B is 12, and versed sine 18 ? 

Am. 297-81034. 



« .< 



• 6ee Appendizi DenumitntioB 96. 



MENSURATION OF ^I7PSBFICIX6. ;51 

Ruxx in. Pivide the height of the segment by th^ 
diameter of the drcie> to tlir^ee places of decimal^ . Find the 
quotient in the column Height of the Table at the end of 
tiie practical part of this treatise^ and take out the coil-es- 
ponding Area Seg. which multi{^y by the square of the dia- 
meter, and the product will be the area of the segment re- 
quired.* 

I'^ote L If the quotient of the height by the diameter be greater 
than *5 subtract it (torn I, Sind find the Area Segi 'cerrespondkig 
to the remainder, wl^ch subtract from '7854 for the corcect Area Seg. 

JVote II. If the quotient of the height by the diameter does not ter- 
minate in three figures, find the Area Seg. corresponding to the first 
three decimal figures of the quotient, subtract it from the n6xf greater 
Area Seg. multiply the reminder by the fVactional part of the quo- 
tient, and add the product to the area segment first, taken ou't> of the 
table. When great accuracy is not required, the fractional part may be 
omitted. 

6. Let the diameter be 20, and the versed sine 2, required 
tiie area of the segment ? 

^ = •!> to which answers '040875 
Square of diameter, 400 



1 6* 35 area. 

7. What is the, area of a segment, whose diameter is 52, 
and versed sine 2 ?. 

^ == 'OSS-^ which is the tabular versed sine. Then to 
•038 answers '009763, and the difference between this area 
and the next is !0Q0385, which multiplied by '^ gives '000177 
which added, to '009763 gives '009940, which is the area cor- 
responding to the versed sine '038^. Then 52* X -009940 
== 26' 877/6 is the area required. 

PROBLEM XXIX. ' 

To find the area of a 2jone, or the spctce included by two 
parallel chords and the arcs contained between them. - 

Rule. Join the extremities of the parallel chords towards 
the same parts, and these connecting lines will cut dff two 



f See Appendix, Demonstration 37. 
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equal segments, the areas of which added to the area of the 
trapezoid then formed will give the area of the zone. 

1. Suppose the greater 
chord AB = 30, the less 
C D 20, and the perpen- 
dicular distance D « = 25, 
required the area of the 
awme A B D C. 

i(AB — CD) = ^B=i 

(30—20) = 5 : then -v/(^ D^ 
+ ^B«) = DB=v'(25« + 
5«) = 25-49. A B — B df 
= A^=30 — 5 =25, and 
(Ax X B^) -r- D^ = Far = 
(25 X 5) -2- 25 = 5. Ddf + Fjp = DF =25+5 = 30; 
i^ (CD* + DFO =iCF = G;? = i^(20«+30«) = 
1 8*027, the radius of the circle ; (D B X A^) +• 2 D 4r = G^* 
= (25-49 X 25) +-(2x25) = 12-745; G z— Gy = zy = 
18-027 — 12-745 = 5-282, the height of the segment A z C. 
36'05)5-28(-l46, the tabular area segment answering to which 
18 -071033, then -071033 X (36-05)* = 92-315 = the area of 
the segment AzC. 

i(AB + CD)xDjr = ^ (30 + 20) X 25 = 625 the area 
of the trapezoid A B D C : then 625 + 92-315 X 2 = 
809*63 = the area of the zone. 

2. Let the chord A B be 48, the chord C D 30, the chord 
A C 15*81 14 ; what is the area of the zone A B D C ? 

Ans. The diameter C F = 50, height of the segment 
AzC= 1*2829, area by the table of segments = 13*595 
Area of the zone A B D C = 534*19. 

3. Let A B = 20, C D = 15, and their distance = 17^; re 
quired the area ? Aw. 395-4369. 

4. Let A B =96, C D = 60, and their distance = 26; re- 
quired the area ? Ans. 2136*7527. 



i^ ' ■■ » 



* See Appendix, Demonstration 88. 



USHSUBATIOir OF 8UFS1U1CIB8* 53 



PROBLEM XXX. 

ToJML the areaofa drcular ring^ or of the tpaci^ ineluded 

between two conoentrie eirclee. 

R01.B4 Multiply the sum of the two diameters by their 
difiPeroice, and the product arising by '7854 for the area of 
the ring.* 

1. The diameter A B is 90, 
and C D 20 ; what is the area 
a£ the ring XX ? 

30 

20 

— A. 

50 sum 

10 difference 

500 

•7854 




382-7000 area of the rmg X X. 

2^ What is the area of the circular ring, when the dia- 
meters are 40 and 30 ? Ane. 549*78. 

3. What is the area of a circular ring, when the ctia- 
meters are 50 and 45 ? Ans. 373*065. 



PROBLEM XXXL 

To find the area of apart of a rmg^ or of the segment of 

a sector. 

RuuB. Multiply half the sum of the bounding arcs by 
their distance asunder, and the product will give the 
area*! 



* See Appendix, Demonttration 99. 
f See Appendix, Demomtration 40. 
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1. Let A B be 50, and a h 90^ and^e J^ 
distance a A 10 ; what is the areia olf ilie* 
space a J Jf. A? . V . ... , ,. . 

2. Let A B.= 60, a & = 40, and a A 
= 2 ; required the' area of the space 
a^BA? iln«. 100. 

3. Let A B =z 25, a ft = 15, and a A 
= 6, required the area of the segment 
of the sector ? Am. 1 20. 




PROBLEM XXXIL 

To find the area of a Lunef or the space included between 
the intersecting arcs of two eccentric circles. 

Rule. Find the areas of both segments which form the 
lune, and deduct the less from the greater ; the remainder 
will evidently be the area required. 

1. Let -the chord AB=: 
40, E C = 12, and E D = 4 ; 
what is the area of the lune 
ADBCA? 

fiy Note, page 50, (A E« 
-i- E C) + E C =z diameter 
of the circle of which A C B is .an arc i and ( A E* -f- E D) 
+ E D = the diameter of the circle of which A D B is an 
arc ; hence (20* — ISO +12 z= 45-3 j and (20* -4- 4) + 4 
= 104 ; are the two diametiecs. . 




12 ^ 45-3 = -264. 



,4 -M04 = -038. 



The Area Seg. answering to '264 is -165780, and 
(45-3)* X -165780 = 340-1954802 = area of the segment 
A E B C A. 

The Area Seg. answering to '038 is K)09763, and 
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(104)' X -009763 = 106-596608 =? area of the segment 
AEBDA ; then 340-1954802 ~ 105-596608 t= 234-5988722 
=: the area of the liine. 

2. Liet the chord A B be 40, and the heights of the seg- 
ments E C and E D 15 and 2 ; required the area of the 
lune. Am. 388-5. 



PROBLEM XXXin. 



TO MEASURE LONG IRREGULAR FIGURES. 

When irre^vHaT figwruy not redmeHh to <m^. hnownfigure^ 
prueat themselves^ their contents are best found hy the 
mdOiod of egui'distant ordinates. 

Rule. Take the breadths in several places, at equal dis- 
tance8> and divide the sum of the first and last of them 
by 2 for the arithmetical mean between those two. Add 
together this mean and all the other breadths, omitting 
the first and last, and divide their sum by the number of 
parts «o added, Che quotient will give the mean breadth of 
the whole, which being multiplied by the given length will 
give the area of the figure, very nearly. 

It is not necessary sometimes to take the breadths at 
equal distances, but to compute each trapezoid separately, 
and the sum of all the separate areas thus found will give 
the area of the entire, nearly. 

Or, add all the breadths together and divide by the 
number of them for a mean breadth, which being multi- 
plied by the length, as before, will give the area nearly. 

1. Let Ijie ordmate A D be 9-2, ft/7, c ^ 9) c' MO, B C 8-8, 
and the length A B 30 $ required the area. 
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9-2 AD 

8-8 B C 



2)18 






9 mean breadth of first and last. 
Thf 
9 eg 
10 dh 



4)35 sum 



8*75 mean breadth of all. 
30 



262*50 area (xf the whole figure. 

2. The length of an irregular figure is 39 yards, and its 
breadths, in five equi-distant places, are 4*8, 5*2, 4*1, 7*3, 
and 7*2 ; what is its area ? Ans. 215*475 square yards. 

3. The length of an irregular figure is 50 yards, and its 
breadths, at seven equi-distant places, are 5*5, 6*2, 7*3, 6, 
7*5, 7, and 8*8, what is its area ? Ans. 342*05 square yards. 

4. The length of an irregular figure being 37*6, and the 
breadths, at nine equi-distant places, 0, 4*4, 6*5, 7*6, 5*4, 
8, 5*2, Q'S, 6*1 ; what is the area? An9. 218*315. 
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1 . Find the area of a square whose side is 35*25 chains. 

Ans. 124 acres 1 rood 1 perch. 

2. Find the area of a rectangular board, whose length 
is 12^ feet, and breadth 9 inches. Aug. 9f feet. 

3. The sides of three squares being 4, 5, and 6 feet, what 
is the length of the side of a square which is equal to all 
three ? Ant. 8-7749 feet. 

4. Required the area of a rhomboid whose length is 1051 
chains, and breadth 4*28 chains ? 

Afu. 4 acres 1 rood 39 perches. 

5. There is a triangle whose base is 12*6 chains, and aki« 
tude 6*4 chains, what is its area ? Afu, 40*32. 

6. Find the area of a triangle whose sides are 30, 40, and 
50 yards. Ans, 800 square yards. 

7. There is a triangular corn-field whose sides are 150, 
200, and 250 yards, determine the number of acres contained 
in the field, and the expense of reaping the com at 9s. 6d. 
per acre. 

Ans. Content of the field, 3 acres 15 perches ; expense 
of reaping, £1 9s. 5d. 

8. What must the base of a triangle be to contain 36 
square feeU whose vertix is to be 9 feet from the base ? 

Ans. 8 feet. 
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9. What must be the altitude of a triangle equal in area 
to the last, whose base is 12 feet? ' Ans. 6 feet. 

10. The height of a precipice standing close by the side 
of a river is 103 feet, and a line of 320 feet will reach firom 
the top of it to the opposite bank, required the breadth of 
the river. An$. 302-97 feet. 

11. A ladder 12^ feet in length stands upright against a 
wall, how far must the bottom of it be pulled out ^om the 
wall so as to lower the top 6 inches ? - 



Ana. 3^ feet. 



12. A person wUhing to mea- 
sure the distance from a point 
A) at one side of a canal, to an 
object O, at the othery'^and hav- 
ing no instrument but a book, 
placed a corner of it on the point 
A, and directed an edge of it, 
as in the figure, in a straight line 
with the object O, and drew the 
straight lines A B, AC; he then 
placed the book so that a corner 
of it rested on the point B, at 
the distance of eight times its 
length from the point A, and di- 
rected an edge of it, as before, 
to the object O, and drew the 
^iaraight line B C which met A C 
at the distance of three times the 
length of the book from A ; how 
many times the length of the book 
is the object O from the points 
A and B ? 

Ans. 21^ and 22-78 times. 



13. What is the area of a trapezium whose diagonal is 
70-5 feet, and the two perpendiculars 26-5 and 30-2 feet ? 

Ans. 1998-675 square feet. 
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14. What is fhe area of a bapezioBk nFhdae diagonal is 
lOB £eet-6 inches, and the perpendiculars 56 feet 3 indtes, 
and 60 feet 9 inches? 

Am. 6347 feet 36 inches. 

. 15. What is the area of a trapezoid whose two parallel 
sides are 75. and 122 links, and tiie perpendicular distance 
154 links ? Ans. 13629 square links. 

16. A field in the form of a trapezoid, whose parallel sides 
are 6340 and 4380 yards, and the perpendicular dbtance 
hetweeh them 121 yards, lets for £207 14s. per annum, 
what is that per acre? Ans. £1 lis. 

17. Two opposite angles of a foHrHiided field are toge- 
ther, equal to two right angles, and the sides are 24, 26^ 
28, and 30 yards, wluit is its area ? 

Ans. 723'99 square yards, nearly. 

18. Required the area of a figure similar to that annexed 
to the first question under prohlem XIV, whose dimen- 
sions are double of those there given. 

Ans. 3411*6. 

19* What is the side of an equilateral triangle equal in 
area to a square, whose side is 10 feet ? 

Ans. 15*196 feet, nearly. 

20. Required the area of a regular nonagon one of whose 
sides is 8 feet,* kad the perpendicular from the centre = 
104^* feet. Am. 395-64 square feet. 

21. Required the area of a regular decagon, one pf whose 
sides is 20*5 yards. Ans. 3233*491125 square yards. 

22. A wheel of a car turns round 4400 times in a distance 
of 10 miles, what is its diameter ? 

Ans. 3*819708 feet. 

23. If the diameter of a circle be 9 feet, what is the length 
of the circumference ? Ans. 28f feet, nearly. 
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24. Required the length of an arc of 60^ ; the radius oi 
the circle being 14 feet. Jng. 14*660772 feet. 

25. The chord of «n arc is 30 feet, and the height is 8 
feet, what is the length of the arc ? Atu. 35^ feet, nearly. 

26. The diameter of a circle is 200, what is the area of 
the quadrant ? Ans. 7854. 

27. The diameters of two concentric circles are 15 and 
10, what is the area of the ring formed by those circles ? 

Ant. 98-175. 

28. The circumference of a circle is 628*32 yards, what 
is the radius of a concentric circle of half the area ? 

An9. 141*42. 

29. What is the side of a square equal in area to the circle 
whose diameter is 3 ? ^ns. 2*6586807. 

* 30. The two parallel chords of a zone are 16 and 12, and 
their perpendicular distance is 2, what is the area of the 
zone r Ans. 28*376. 

31. The length of a chord is 15, and the heights of two 
segments of circles on the same side of it are 7 and 4 ; what 
is the area of the lune formed by those segments ? 

^ Jna. 38, nearly. 

32. The base and perpendicular of a right-angled triangle 
are each 1, what is the area of a circle having the hypo- 
thenuse for its diameter ? Ans. 1*5708. 

33. If the area of a circle be 100, what is the area of the 
inscribed square ? Ans. 63*66. 
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SECTION ni. 



OF THE ELLIPSIS.* 

PROBLEM I. 

The transverse and cat^ugate diameters of an elUpsis being 

given^ to find ike area. 

Rui.E. Multiply the transverse and conjugate diameters 
together, and the product arising by *7854, and the result 
will be the area.f 

1. Let the transverse axis be 35» and the conjugate axis 
26 ; required the area ? 

35 X 25 X -7854 = 687-225. Am. 

2. The longer diameter of an ellipiSe is 70, and the shorter 
50 ; what is the area ? Am. 2748-9. 

3. What is the area of an ellipse whose longer axis is 80, 
and shorter axis is 60 ? Ans. 3769*92. 

4. What is the area of an ellipse, whose diameters are 
60 and 45 ? Am. 1767-15. 

PROBLEM n. 

To find the area of an elHptieal ring. 

Rui<E. Find the area of each ellipse separately, and 
their difference will be the area of the ring. 

* . ..... .. ... — , 

* For definitions of the ellipng (or, as it is frequently written, ellipse) 
and the other Conic Sections, see Appendix, Properties of the Conic 
Sections. 

I See Appendix, Demonstration 41. 
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Or, From the product of the two diameters of the greater 
ellipse deduct the product of the diameters of the less, and 
multiply the remainder by -7854 for the area of the ring.* 

1. The transverse diameter A B is 70, and the conjugate 
C D 50 ; and the transversa difiUneter E F of another ellipse 

C 




having the same centre O, is 35, awj the conjugate G H is 
25 ; required the area of the elliptical space between their 
tif btntamrences. 

70 X 50 X -7854 =s 2748-9 ; and 35 X 25 X '7854 
= 687-225; then 2748-9 — 687.225 = 2061-675. = area 
of the elliptical ring. 

70 X 50 = 3500 

35 X 25 = 875 



2625 X -7854 = 2061-675 = area. 

2. The transverse and conjugate diameters of an ellipse 
are 60 and 40, and of another 30 and 10 ; required the ar^ 
of the space between their circumferences. Ans. 1649-34. - 

3. A gentleman has an elliptical flower garden, whose 
greater diameter is 30, and less 24 feet ; and has ordered a 
gravel walk to be made round it of 5 feet 6 inches in width, 
required the area of the walk. Ans, 371-4942 feet. 

PROBLEM III. 

Given the he^htof an dliptical segment, whode base is pa- 
raUd to eUher of tke axes of the ellipee, and the two axes 
of the ellipse^ to find thp area. 

RuiA. Divide the height of the segment by that diameter 
of which it is a part, to. three )plaees of decimals, find the 



■ll I lP H i 



iW.«M-«-iB«> 



litf-M*. 



* See Appendix, Demonstration 42. 



quotient in the column Height of the Table referred to in page 
51, and take out the coffefl|poi^ding Aiea Seg. Multiply the 
Area Seg. thus found an^ \>oth the axes of the ellipsis together, 
said the result will give the area required.* 

1. Required the area of an elliptical segment R A Q' 




whose height A P is 20 ; the transverse axis A B being 70» 
and the conjugate axis CD 60? 

'5S0 -f- 70 =r '285^ = the tabular versed sine, the corres- 
ponding segment answering to which, is -186166; then 
•185166 X 70 X 50 = 648-081, the area. 

2. What is the area of an elliptical segment cut off by a 
chord parallel to the shorter axis, the height of the segment 
being 10, and the two diameters 35 and 25 ? 

Am. 162K)202. 

3. What is the area of an elliptical segment cut off by a 
chord parallel to the lonser axis, the height of the segment 
being 10, and the two diameters 40 and 30 ? 

Am. 275.0064. 

4. What is the area of an elliptical segment cut off by a 
chord parallel to the shorter diameter, the height being 10, 
and the two diameters 70 and 50 ? Ans. 240*884. 



* See Appendix, Demonstration 43. 



64 CONIC SSCTlON9b 



PROBLEM IV. 

To find the circun^erence of an ellipse^ by having the two 

diameters given. 

Ruus. Multiply the sunir of the two diameters by I*5708, 
and the product will give the circumference nearly ; that is, 
patting t for the transverse, e for the conjugate, and p for 
3.1416 ; the circumference will be (* + c) X ijp«* 

1. Let the transverse axis be 24, and the conjugate 18 ; 
required the area. 

(24 + 18) X 1-5708 = 42 X 1-5708 = 65-9736 is the 
circumference nearly. 

2. Required the circumference of an ellipse whose trans- 
verse axis is 30, and conjugate 20. Ana, 78*54. 

3. Required the circumference of an ellipse whose dia- 
meters are 60 and 40. Ana. 157*08. 

4. What is the circumference of an ellipse whose dia- 
meters are 6 and 4 ? Ana* 15*708. 

5. What is the circumference of an ellipse whose dia« 
meters are 3 and 2 ? Ana* 7*854. 



PROBLEM V. 

To find the length of any arc of an eUipae* 

Rui/E. Find the length of the circular arc x y^ inter- 
cepted by O C, O B, and whose radius is half the sum of 
O C, OB: and it will be equal to the elliptical arc B C 
nearly.f 

Note. The nearer the axes of the ellipse approach towards equa- 
litj, the more exact the result of the operation by this Rule ; and the 
less the elliptical arc, the nearer its exact length Will approach the arc 



* See Appendix, Demonstration 44. 
f . See Appendix, Demonstration 45. 
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1. Let the axis A D be 24, C K 18, and O T 3; re- 
quired the length of the arc B C. 

Here we have T D z= 9> and A T = 15 ; then from die 
property of the ellipsia, we have A O' : O C* :: A T X 




T D : T B* = 



9*X9X15 9X9X15 



12 X 12 



v/(OT« + TB«)=: ^(9 + 



16 

9X9 X 15 
16 



and OB = 



) = 9*21616, the 



radius of the circle of which G B is an arc ; but O C is the 
radius of the circle of which C V is an arc ; therefore the ra- 
dius of the circle of which 4r ^ is an arc, is^OC + ^OB 
= 9-10808. But by Trigonomeity,* HB-^0B5=^-^ 
9.21616 z= -325515, is the sine of die angle COB, 
araxcxyy to the radius 1, answering to 18*9968 degrees* 
Therefore, by Problem XVII. Ride I, the length of the arc 
jry is -01745 X 18-9968 X 9*10808 = 3-0192, which is also 
equal to the length of the elliptical arc C B nearly. 

2. Given A D 30, C K 20, and O T 5 ; required the 
length of the arc B C. An$. 5-03917786255. 

3. Given A D 40, C D 30, and O T 5 ; requhred the 
lojgth of die arc B C ? Am. 5-033880786. 



* It may be done without Trigonometry, by fint finding the length of 
the arc 6B by Role IL Prob. XVIL Sec II. then OO : O Y : : 
OB: YZ. 
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PROBLEM VI. 

Giv^ Hu diameter and abscmas, to find the ordinaie. 

Rule. Say, as the transverse is to the conjugate, so is 
the square root of the rectangle of the two abscissas, to 
the ordinate.* 

1. In the ellipse A C D K, the transverse diameter A D 
is 100, the conjugate diameter C K 80, and the abscissa 
D T 10 ; required the length of Uie ordinate T B ? 

100 : 80 : : ^ (90 X 10) : T B = 24. (See the last figure.) 

2. Let the transverse axis be 35, tJxe conjugate 25, and 
the abscissa 7 ; required the ordinate? .^n«. 10. 

3. Given the two diameters 70 and 60, and the abscissa 
10; required the ordinate? Ans. 20*9956. 

PROBLEM VIL 

Given Ae tifiomvetie axis, conjugate^ and ardinatef to find 

the abscissae* 

RuiJS. As the conjugate is to the transverse diametier, so 
is the squalte root of the differeiiice of the squares of the 
thrdinate^d semi-conjugate, to the dfetanee between the 
ordinate and centre. Then this distance being added to, 
and Subtracted from, the semi-diameter, will give the two 
abscissas.* 

1. Let the diameters be 35 and 25, and the ordinate 10, 
required the abscissas ? 

.Byth.Rule|±|^([f]-10') =?liH..28 

and 7, the two abscissas. 

2. Let the diameters be 120 and 40, and the ordinate 
16, required the abscissas? Ans* 96 and 24. 

' ' ,1 11 II I >l^» I I m t — ^ , .1 .i,M , ,,,! ) I I g . wi^ ■ ,1 I I ...( m i 111 f 

: ' • iSe& Appendix, DemonctFOtion 4^ 

t See Appendix, Demonstration 47. 
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PROBLEM VIII. 



Given the conjugate axis^ ordinaUt and abscissas^ to find tke 

transverse axis. 

Rhus. Find the square root of the difference of the 
squares of the semi-conjugate axis and the ordinate, which 
add to, or subtract from, the semi-conjugate, according as 
the less abscissa or greater is given. 

Then say, 83 the square of uie ordinate is to the rectangle 
of the conjugate and the abscissa, so is the sum or difference 
found above to the transverse required.* 

1. Let the ordinate be 10, and the less abscissa 7 ; what is 
the diameter, allowing the conjugate to be 26 ? 

10^ : 25 X 7 :: 20 : 35 the transverse required. 

2. I^t the ordinate be 10, the greater abscissa 28, and 
the conjugate 25 \ required the transverse diameter ? 

^ Jut. 35. 

PROBLEM IX. 

Given the transverse axisy ordinate^ and abscissa^ to find Ife 

conjugate. 

Rui*E. The square root of the product of the two ab- 
scissas is to the ordinate, as the transverse axis is to the 
conjugate.f 

1. Let the transverse aads be 35, the ordinate 10, and 
the abscissas 28 and 7 ; required the conjugate ? 

^ /«.« \^ ,/v o^ 35X10 35x10 ^ 
^ (28 X 7) : 10 : : 35 : ^^^J^^) = —^ = ^> 

the conjugate. 

■■ .It. I .| « , „ . . . I. , , ■ ... I M l ly . I ■ I. 

* See Appendix, Demonstration 48. 
f Ste Appendix, DQinoiiitralion 49. 
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2. Let the transverse diameter be 120, the ordinate 16, 
and the abscissas 24 and 96 ; required the conjugate ? 

Afu.40. 



OF THE PARABOLA. 



PROBLEM X. 
Gioen' the base and height of aparabola^ to find its area* 



Note. Any double ordinate, A B, to the 
aadfl of a parabola may be called its base, 
and the Abscissa O D, to that ordinate ita 
height. 

Rule. Multiply the base by 
the height, and f of the product q 
will be the area.* ^j 



1. Required the area of a parabola, whose height is 6 and 
base 12? 

6 X 12 X § = 48 the area. 

2. What is the area of a parabola, whose base is 24, and 
height 4 ? Ans 64. 

3. What is the area of a parabola, whose base is 12, and 
height 2? Ans. 16. 




*.See Appeodiz, DemoiBtrBtioii fiO. 
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PROBLEM XL 

To find the area of the zone of a parabola^ or the space 
between two parallel double ordinaies, 

Rui<E. L When the two double ordinates, their distance, 
and the altitude of the whole parabola are given ; find the 
area of the whole parabola, and find also the area of the 
upper segment, their difference will be the area of the zone. 

II. When the two double ordinates and their distance are 
given ; to the sum of the squares of the two double ordinates, 
add their product, divide the sum by the sum of the* two 
double ordinates, multiply the quotient by §- of the altitude 
of the zone, and the product will be the area of the zone.* 

1. Given A B 20, S T 12, and D 4r 8 ; what is the area 
of the zone A S T B, the altitude D O being 12*5 ? 

(20 X 12-5) X f = 166f = area of the parabola A B O, 
and (12-5 — 8) X 12 = 54, and 54 X f = 36 ; hence I66f 
— 36 = 130f the area. 

III. When the altitude of the whole parabola is not given. 

2. Si^pose the double ordinate A B = 10, the double ordi- 
nate S T = 6, and their distance Dx = 4 ; what is the area 
of the zone A STB? 

the area as before. 

3. Let the double ordinate A B =30, C P = 25, and 
their distance D G = 6; required the area of the zone 
ABPC? Aw. 165^. 

PROBLEM XIL 

To find the length of the curvcy or arc of a parabola^ mU off 

by a double ordinate to the axis. 

RuiiE. 

I. Divide the double ordinate by the parameter, and call 
the quotient g. 

\ : . 

* See Appendix, Demonstration 51. 
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IL Add 1 to the square of the quotient q^ and call the 
square root of the sum s. 

III. To the .product of q and s, add the hyperbolic log»r 
rithm of their sum, then the last sum multiplied by half v^ 
parameter, will girt the length of the whole curve on both 
sides of the axis. 

Putting c for the curve, q for the quotient of the double 
ordinate divided by the parameter, * for ^ (1 + q*) and a 
for half the parameter ; then 

€=:aX {q 9 + hyp. log. of (q + *.)}* 

Note, The common lofifarithm of any nnmber multiplied by 
^•802585093 gives the hyperbolic logarithm of the same number. 

1. What is the length of the curve of a parabola, cut off 
by a double ordinate to the axis, whose length is 12, the 
, aofidssa being 2 ? 

# = 2, and jr = 6 ; then a = |^ = ^ = 

9, and jT = I = f = I, also t = ^ (1 + y«) = ^ (1 + I) 

= v^ (V^) z= ^ y (13) = 1-2018504 = *. Then f + 
1*2018504 = 1*868517, whose common logarithm is 
•271497, which being multiplied by 2-302585093, pro- 
duces *6251449 for its hyperbolic logarithm ; and also f X 
1*2018504 ^ -8012336 ; the sum of these two. is 1-4263785, 
therefore 9 X 1*4263785 = 12-8374065, U the length of the 
curve required. 

RuiiE. II. Put j( equal to the ordinate, and ^ equal the 
quotient arising from the division of the double ordinate by 
the pariinieter, or from the division of double the abscissa 
by the ordinate; then the length nf the double curve will be 
expressed by the infinite series. 



25x(l +^3-2-^+511^, &c.) 



* See Appendis^ Demonstration 52. 
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iViito. This leries will converge no longer thin tiU ( ss I. For 
when q is greater than I, the series will diverge. 

Let the last example be resumed, in which the abscissa 
IS 2, and the ordinate 6. 

Hence, 2 X 2 -r- 6 = f = g; then employing | instead 
of 9 in the last series we get 

12.x (1 + ^^ - ig+ 3 X 5i|l.) = 15^837thelength 

of the curve as before. 

Rule III. To the square of the ordinate, add |^ of the 
square of the abscissa, and the square root of the sum will 
be the length of the single curve, the double of which will 
be the length of the double curve nearly.* 

Note, *nie two -first rules are- not recommended In practioe. — 
The practical application of this is much simpler, and is therefora to 
be employed in'preference to either. 

Retaining the same example, in which ir z= 2, and ^ = S, 
we shall get r = ^ (^^ + ^ x^) = ^ (36 + ^) = 6-1291, 
and C = 12-8582, nearly. 

2. Required the length of the parabolic curve, whose ab- 
scissa is 3, and ordinate 8 ? 4iu. 17*4i35. 



PROBLEM XIII. 

Oinen any^ two cAscUsas and the ardincUe to one of them^ to 
find the correapondinff ordincUe to the second ahsciesa^ 

Rule. Say, as the abscissa, whose ordinate is given, is 
to the square of the given ordinate, so is the other given 
abscissa to the square of its corresponding ordinate.f 

1. If the abscissa # O = 10, and the oi:dinate stSlSi Sy 
what is the ordinate A D, whose abscissa D O is 20 ? 

X O : * S« :: D O : A D% viz. 10 : 64 :: 20 : 128, the 
square root of which is 11-313, &c., = A D. 



* See Appendix, Demonstration 53. 
f See Appendix, Demonstration 54. 
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2. If 6 be the ordinate corresponding to the abscista 9> 
required the ordinate corresponding to the abscissa 16 ? 



PROBLEM XIV. 

Given two ardtnaiesy and the abscissa corresponding to one 
of tkem^ to find the abscissa corresponding to the other. 

RiTLE. Say, as the square of the ordinate whose abscissa 
IS given, is to the given abscissa, so is the square of the 
other ordinate to its corresponding abscissa.* 

1. Given S ^ = 6, ^ O z= 9$ and A D = 8; required 
the abfidsaa O D ? 36 : 9 :: 64 : 16 = O D. 

2. Given Sjt =8, «O = 10, andADz=9; required 
OD? Ans. 12-656. 



PROBLEM XV* 

Given two ordinates perpendicular to the axis and their dis- 
tance^ to find the corresponding abscissas. 

Rule. Say, as the difference of the squares of the ordi- 
nates is to their distance, so is the square of either of them 
to the corresponding abscissa.f 

1. Given S4r=:6, AD =8, and jr D = 7 ; required 
the abscissas ? 

(64 — 36): 7:: 64 

28 : 7 :: 64: 16 = O D, and 
28 : 7 :: 36: 9 = O *. 

2. Given S 4r = 3, AD = 4, and « D =r 2 ; required 
the abscissas. Ans. 4f and^ 2^. 



p'M. 



* See Appendix, Demonstration 54. 
f See Appendix, Demonstration 55. 
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OF THE HYPERBOLA. 



PROBLEM XVL 

Oitfit 4ie >trdmnene and eot^'uffote dietmeters, and any 
abieuta, to find <fte eorrapondinff ordinate. 

ftgi^. As the tranmem^ is to l^e crnijugate, so is the 
mean proportional between the absonsas, to ^ orcKnate.* 

1. If &e transverse be 24, the conjugate 21, and the 
less abscissa ADS; required the ordinate. 

Note. The leas abscissa added to Jtke transTerse gives the gveater. 




24 : 21 :: ^ (32 X 8) : ^* ^ f^ ^ ^^ =14 the 
ordinate. 

2, If th^ transverse axis of .an byperbola be 220, the les^ 
atedl83a 40, die conjugate 72 ; required the ordinate. 

Ans. 48. 

S. The transverse axis being 60, the coi^ugate 36> aiid 
tlie less abscissa ^0, what is t^e ordinate ? 4^* 24. 



• .See : Aiefip^ I)Kmfti#rttiaB M. 

E 
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PROBLEM XVII. 



Given the transverse^ conjugctte^ and ordinate^ to find the 

abscissa. 

Rule. To the square of half the conjugate, add the 
square of the ordinate, and extcact the square root of the 
sum. Then say, 

As the conjugate is to the transverse^ <so is tibat squnre 
root to half the sum of the abscis$as. 

Then to this ha(f sum, add half the transverse, for the 
greater abscissa; and fi*om the half sum take half the trans- 
verse for the less abscissa** 

1. If the transverse be 24, and the conjugate 21 ; re- 
quired the abscissas to the ordinate 14, , 

10*5 = -^ conjugate 14 = ordinate 
10-5 14 



110-25 196 

196 



306'25 the square root of which is 17*5 ; then 21 : 
24 : : 17-5 : 20 = half sum, 20 + 12 = 32 the greater ab- 
scissa, laid 20 — 12 =r 8 the less abscissa. 

2. The transverse is 120, the ordinate 48, and the con- 
jugate 72 ; required the abscissas. Ans* 40 and 160. 

PROBLEM XVIIL 

Given the conjugate^ ordinate^ and abscissa^ to find the 

transverse. ' 

RujLE. To or from the square root of the sum of the squares 
of the ordinate and semi-conjugate, add or subtract the semi- 
conjugate; according as the less or greater abscissa is used ; 



- r; • ■ 1 



• Sm Append, Demotutntioit 57. 
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theQy as the square of the onlinate, is td the product of the 
abflcissa and conjugate ; so is the sum or difference^ above 
found, to the transverse.* 

1. Let the conjugate be 21 , the less abscissa 8, and its 
ordinate 14 ; required the transverse. 

21x8xV(142 + ^) + 10i 

_ . — 

= 3 X V (3« + 4«) + 3) = 3 X (5 + 3) = 24 the trans- 
▼erse. 

2. The conjugate axis is 72, the less abscissa 40, the 
ordinate 48 ; required the transverse* Ant, 120. 

3. The conjugate is 36, the less abscissa 20, and its 
ordinate 24 ; required the transverse. Am* 60. 

PROBLEM XIX. 

Gtrevt Ifttf dbsema^ ordinatei and tramvene diameter ^ to 

find the conjugate* 

Rhus. As the mean proportional between the abscissas, 
is to the ordinate, so is the transverse to its conjugatcf 

1. .What is the conjugate to the transverse 24, the less 
abscissa being 8, and its ordinate 14 ? 

24 X 14 
^ (32 X 8) = ^^ ** conjugate. 

2. The transverse diameter is 60, the ordinate 24, and 
the less abscissa 20 ; what is the conjugate ? Ans. 36. 

PROBLEM XX. 

Gwen any tooo abscissas, X x^ and their ordinates^ Yf y $ 
to find the transverse to which they belong* 

Rui^E. Multiply each abscissa by the squwre of the or- 
dinate belonging to the other ; multiply also the square of 
each absqissa by the square of the othei^s ordinate ; then 



* See Appendit^ Demomtntton 58. 
f See Appendix^ Demonsiratioii 59* 



76 



GWfc ^metiiofs. 



Here 



tkifide the difensboe of this btter lyrodoctd by the dlfer^ce 
of the former ; mnd the cpiotient wlli be the tr«ieva«e dia- 
meter to which the ordmates belong.* 

1* If two absciteas be 1 and 8, and their corresponifing 
ordinates 4f and 14, required tJie transveree to which they 

belong? 

8^X4|x4i— 1^X14* 35 X 35 ~ 14 X 14 

1 xl4« — 8x4g X4f- 14 X 14 — 36 X 4| 
_^X5-2X2 SIX 8 _ ^^^^ trahsverse.* 
-2x2 — 5 X| 7 

PROBLEM XXL 

Tojlnd the arm of a, space AV OB, bounded m one Me 
^ the curve of a hyperbcloy hy meanx* of equi-distant 
ordinates. 

Let A N be divided into any even number of equal parts, 
A €, C E, E O, ftt^ •&iKd let iperpeftdiottlir wdi!i»t€« A *, 
CD, E F, &c. be erected, Mid let these ordinates be ter- 
minated by *ny hyperbolic curve B D F, &c. ; ' and let A = 
A B + N O, B = C D + G H 4- L M, &c^ and C s=E F 
+ I K, &c. ; then the common distance AC, of the ordi- 
nates, being multiplied by the sum arising from the addition 
of A, 4 B, and 2 C, and one-third of the product taken will 



K.J5-^ 




A c "ife -4 I t » 



«*«... A + 4B + 2C-^ 
be the area very nearly. Tlftit is, ■ ■ " ' x f> 



the area, putting D = A C.f 



• See AffendiXf P e i i w i rtikt iBn 60. 

t.See .AooenduL Pit i fffiMitW i tinM 
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1. G^veA tte lengths of 9 equi-ditCant ordiMitei» viz. 14, 
15, 16» 17, 1^ 20, 22p 23, 25 ftet, and ^ ooaunott duH 
taince 2 feel; requited the area? Am. 300| ftet. 

2» Given the lengths cfP 3 equi-distant ordmates, via/. A B 
= 5, C D = 7, and £ F = 8, also the length of the base 
AElOi w^t is the area of the figureABFE? 

ilfM. 68^feet. 

' 3. If the length of the asymptote of a hyperbola be 1, and 
there be 11 equi-distant ordinates between it and the curve, 
the common chstance of the ordinates wiH then be A> and 
from the nature of the curve their lengths will be f^, ^, 

U* iS' i?' i?> % il' \^ iJ» what is the area of 
curvecF figure ? Ans. *69315021. 



figure 

This formula will answer for finding the area of all curves 
by using the sections perpendicular to the axis. The 
greater the number of ordinates employed, the more accurate 
the resniAt ; but in real practice uiree or five are in most 
cases si^ficien^. 

PROBLEM XXIL 
To find the length of any are of an hyperbola beginning at 

thvetim, 

vxruBm 

I. To 19 times the square of the transverse, add 21 times 
the square of the conjugate ; also to 9 times the square of 
the transverse add, as before, 21 times the square of the 
conjugate, and multiply each of these sums by the abscissa. 

II. To each of these two products, thus found, add 15 
times the product of the transverse and the square of the 
conjugate. 

III. Then, as the less of these results is to the greater» 
so is the ordinate to the length of the curve nearly.* 

* See Appondiz, Demonrtretian 62. 
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1, In the hyperbola B A C, the transverse diameter is 80, 
^e conjugate 60, the ordinate B D 10, and the abscissa 
A D 2 ; required the length of the arc B A C. (Fig. p. 73.) 

Here 2 (19 X 80' + 21 X 60*) = 2 (121600 + 75600) = 
394400. 

And 2 (9 X 80« + 21 X 60*) 3 2 (57600 + 75600) = 
266400. 

Whence 15 X 80 X 60* + 394400 = 4320000 + 
314400 = 4714400. 

And 15 X 80 X 60* + 266400 = 4320000 + 266400 
= 4586400. 

47144000 

Then 4586400 : 4714400 :: 10 : ..^^.^ = 10-279 

4586400 

=z AB, 

Hence A B C =: 10-279 X 2 = 20-558, 

2. In the hyperbola BAG, the transverse diameter ia 
80, the conjugate 60, the ordinate B D 10, and the abscissa 
A D 2-1637 ; required the length of the arc A B ? 

Ans. 10-3005.' 



PROBLEM XXIII. 

Giffen the transverse^ axis of a hyperbola^ the cof^gatBy and 

the abscissa^ to find the arecu 

BULE. 

. I. To the product of the transverse and abscissa, add f 
of the square of the abscissa, and multiply the square root 
of the sum by ^1. 

II. Add 4 times the square root of the product of the 
transverse and abscissa, to the preceding product, and divide 
the sum by 75. 

III. Divide 4 times the product of the conjugate and ab- 
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scissa by the transverse; this quotient, multiplied by the 
fimner quotient, will give the area of the hyperbola nearly.* 

1. In the hyperbola B A C, (see figure, page 73) the trans- 
verse axis is 30, the conjugate 18, and the abscissa A D is 
10 ; what is the area ? 

Here 21 v' (30 X 10 + f X 1(f) = 21 ^ (300 + 
71-42857) =21 y (371-42867) = 21 X 19*272 = 
404-712; 

^ ^ 4 y (30 X 10) + 404-712 4 X 17-3205 + 404-712 
And ^ = ^ 

69-282 + 404-712 473 994 ^ ^, ^ 
= n = -75- = 6-3199. 

18 V 10 V 4 

Whence — ^ X 6-3199 = 24 X 6-3199 ±: 

151*6776 the area required. 

2. What is the area of an hyperbola whose abscissa is 
2&, the transverse and conjugate being 50 and 30 ? 

Ans. 805-0909. 

3. The transverse axis is 100, the conjugate 60, and ab- 
scissa 50 ; required the area. Ans. 322*3633684. 



1^ . fc. 



* See Appendix, Demonstratioxi 63. 
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Mi:NSURATION OP SOLIDS- 



SECTION IV. 




DEFINITIONS. 

1. A solid is that which has length, breadth, and 
thidnness. 

2. The solid content of any body is the number of cubic 
inches, feet, yards, &c. it contains. 

3. A cube is a, ^oHd, having six equal sides 
at right angles to one another. 

4. A pri9m is a solid, 
whose ends are plane figures, 
which are parallel, equal and 
similar. Its sides are parallel- 
ograms. 

It is called a triangular prism, when its ends are triangles ; 
a square prism, when its ends are squares ; a pentagonal 
prism, when its ends are pentagons ; and so on. 

5. A parallelopipedon is a 
solid having six rectangular 
sides, .every opposite pair of 
which sacfi equal and parallel. 







& A ^ttufar 19 a TOuad aoUd» 
having circular ends, and may be 
conceived to be described by the re- 
volution of a rectangle about one of 
its sides, which remain fixed. 

7. Apgf^amid is a solid, having a plane figure 
for its base ; and whose sides are triangles meet- 
ing in a point, caHed the vertex. 

Pyramida have their names firom their bases, 
like prisms. 

When the base is a triangle, the solid is 
called a triangular pyramid; when the base is 
a square it is called a square pyramid ; and 
soon» 

8. A cone is a round pyramid, having a 
circle for its base. 



9* A sphere is a round solid, which may 
be conceived to be formed by the revolution 
of a 'Semi-circle about its diameter which 
remains fixed. 



10. The axis of a solid is a line joining the middle of 
both ends. 

11. When the axis is perpendicular to the base, the solid 
is called a right prism or pyramid, otherwise it is oblique. 

1^. The height or altitude of a solid, is a line drawn from 
its vertex, perpendicular to its base, and is equal to the 
axis of a right prism or pyramid ; but in an oblique one,* 
the altitude is the perpendicular of a right-angled triangle, 
whose hypothenuse is the axis. 

IS. When the base is a regular figure, it is called a re- 
gular prism or pyrmid ; but when Uie base h an irregular 
figure, the solid on it is called irregular. 

. 14* The segment of any solid, is a part cut off firom the 
top by a plane parallel to its base. 

E 5 
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15. A frustum is the part remaining at the bottom) ^er 
the segment is cut off* 

16. A zone of a sphere is a part intercepted between two 
planes, which are parallel to each other. 

17. A circular spindle is a solid gene- 
rated by the revolution of a segment of a 
circle about its chord, which remains fixed. 



18. A wedge is a solid, having a rectan- 
gular base,' and two of its opposite sides 
meeting in an edge. 




19« A'priemoid is a solid, having 
for its two ends two right-angled pa- 
rallelograms, parallel to each other, and 
its upright sides are four trapezoids. 



20. A sphei'oid is a solid, generated 
by the rotation of a semi-ellipsis about 
one of its axis, which remains fixed. 

When the ellipsis revolves round the 
transverse axis, the figure is called a 
prolate, or oblong spheroid ; but when 






the ellipsis revolves round the shorter axis, the figure is called 
an oblate spheroid. > 

21. An elliptical spindle is a solid, ge- 
nerated by the rotation of a segment ofan 
ellipsis about its chord. 



22. A parabolic conoidy or paraboloid, is a 
solid generated by the rotation of a semi- 
parabola about its axis. 
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- 23. An ungvloy or hoqfy is a part cat off a solid by a 
plane oblique to the base* 



PROBLEM I. 

7b Jind the solidity of a cube. 

'RinLE. Multiply the side of a cube by itself, and that 
product again by the 8ide» for the solidity requireid.* 

1. IT the side of a cube be 4 inches, required its solidity ? 
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HeKe, 4 X 4 = 16, the number of cubes of 1 inch deep 
in the square £ F G D, and as the entire solid consists of 
four sucn dimensions^ its content is 16 X 4 =: 64 cubic 
inches. 

2. What is the solidity of a cubical piece of marble, each 
side being 5 feet 7 inches? Jins* 174 feet, nearly. 

3. A cellar is to be dug, whose length, breadth, and.depth, 
are each 12 feet 3 inches, required die number of solid feet 
in it. ' Axk9^ 183S feet 3 inches^ nearly^ 



* Se9 Appeadiz, DemoosCration 64. 
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PHQBLEM IV. 

RmLB. Multiply the »rea of the base by its lieight, and 
the product will be the solid content.* 




1. What is the capacity of a right cylinder A B G C, 

whose height, and the circuniference of its base, are each 

20 feet? 

20 
First ^ , ..^ = the diameter, half of which multiplied by 

half the circumference will give the area of the base, (Prob. 

XXVm. Sec. II.), that is, 10 X 5-7^^ = ^ = the 

^ 3* 1416 •7854 

25 
area of the end ; then -=^71 X ^0 = 636'61828 the content. 

•7 00 4 

2. What is the content of the oblique cylinder A B F El, 
llie drcumference of whose base is 20 feet, and altitude A C 
20 feet? 

25 25 

As before, the area of the base is ..^g^^;th^ :^^ 

X 20 = 636-6 J 828, the solid content, as before. 

.3. The length of a cylindrical piece of timber is 18 feet, 
and its circumference 96 inches ; how many solid feet in it ? 

^ns. 91-676 feet. 

4* Three cubic feet are to be cut off a rolling ^tone 44 
inches in circumference ; what distance from the end must 
the section be made ? Jns. 33*64 inches. 



■•^-■•> 



• See. Appendix^ Dmoptnlion i^. 



umamtAiicm ov soiiM. 87 

PROBLEM V. 

Tojind the content of a solid formed hy <^ plane pasting 

parallel to the axis of a cylinder* 

RtJi-E. Find by Prob. XXVIIL Sec. II. the area of the 
base, which, multiplied by the height, will give the solidity.* 

1, In the cylinder A B G C, whose diameter is % and 
height 20 feet ; let a plane L N pass parallel to the axis, 
and 1 foot from it ; what is the solidity of each of the two 
prisms into which the cylinder is divided.^— (See the last 
figure.) 

1^ = (| — 1) -4- 3=1= J = -1661 the tabular veraed 

sine, to which, in the Table of Circular Se^ents, conres* 

ponds the area -08604117 

which taken from • , . • • . •TSSSgSie 

leaves the other segment .... *69935699 

Then 3« = 9 which X -08604117 = 7-7437053 = aeg. 
DCN. 

Also 9 X -69936699 = 6-29421291 = seg« D G N. 

Hence 20 X 7-7437053 = 15-4874 =± the slice 

LKACND;and20x 6-29421699 = 125-88434 = the 
slice LKBGND. 

2. Suppose the right cylinder, whose length is ^ feet, and 
diameter 50 feet, is cut by a plane parallel to, and at the 
distance of, 21*75 feet from its axis; required the solidity 
of the smaller slice. ms. 1082-95 feet, v 

PROBLEM VI. 

To find the solidity of a pyramids 

' RtLK. Multiply the area of the base by ^Jie one-thii^ of 
the height, and the product will be the soHdity.f 



* See Appendix, Demonstration 64. 
f See Appendiz, Demomkiatioa 65. 



1. What is the solidity of a8auarep3n^aEiud9 each side of 
its base being 4 feet, ahd height I^ ie^t? 

4 X 4 = 16 the area of the base : . , . • . « 
' Then* l8 xV =r^'^ ^e^t, the solidity'. 

2. Each side df the base of a triangular 'pyramid is 3, 
and height 30 ; required its sdidity* An9, 38*97 1 !?• 

3. The spire of a church is an octagonal pyramid^ each 
side at the base being 5 feet 10 inches, and its perpendi- 
cular height 45 feet ; also each side of the cavity, or hollow 
part, at the base is 4 feet 1 1 inches, and its perpendicular 
height 41 feet ; it is required to know how many solid yards 
df stone the spire contains. 

Ans. 32*19738 yards. 

; 4. Th0 hei^t of a hexagcmal pytainid to 45 feet» e^h 
side of the hexagon at the base being 10 ; required ^ its 
solidity. i#iw» 3897-1143. 

• ■ ♦ * - 

PROBLEM VII. 

7b find the ioUdity ef a eone. 

RuLK* Multiply the area of the base by one^hird of the 
height^ and the product will be the solidity.* 

1. The diameter of the base of a cone is 10 feet, and its 
perpendicular height 42 feet ; what is its solidity ? 

10« = 100 X -7854 ;= 78*54 ; then 78*54 x V = 
1099*56 feet. 

2. The diameter of the base of a cone is 12 feet, and its 
perpendicular height 100 ; required its solidity. 

Ans. 3769-92 feet. 

3. The spire of a church of a conical form measures 
37*6992 feet round its b^ise ; what is its solidity, its perpen- 
dicular height being 100 feet ? A^. 3769*92. 

4k How many cubic yards in an upright cone> the drcum 
ference of the basQ being 70 feet, and the slant height 30 ? 

i4fw. 134*09. 
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5t Hovr fkuuiy eufa&e feei i« aa oU^foa ocfiie^.tbe greatest 
riant height being 20 feet, the leaat lo» and the diaaaeter of 
the base 8 feet? iim. 264r6SG^8» M- 



PROBLEM VIII. 

To find the solidU^ of ^fiyiftipn of apyramdU 

RuiiE. Add the areas of two ends and the mean propor- 
tional b^tw^fSB them t60»tk6i jr tbeil imikipl^.'th^ Isum by 
one-third of the perpendicular height, and the product will 
give- the solidity.* 




1. In a square pyramid, let A O = 7, P D rr 5, aUd th^ 
lidgbt Q ::£: 6 ; the aolidxty of the frustom is requii'ed. 

7 X 7 = 49 = the area of the base. 

5 X 5^ =^ 25 = the area of the section S D. 

7 X 6 =: 35 s: the mean proportional between 49 and 2&\ 

49 4- 35 4- 25 
Therefore, — ' ^ X 6 = 218 = the' content of 

the frustum. 

2. What is the content of a pentagonal frustum^ whose 
height is 5 feet, each side of the base I foot 6 inches, and 
each side of the less end 6 inches ? 

Ans. 9'3!925 cubic feet. 

3. What is tne content of a hexagonal frustum, whose 
height is 6 feet, and the side of the greater end 18 inches, 
andof the leks 12 inches ? Ans. 24-681724. . 

4. How many cubic feet in a squared piece of timber, the 
areas of the two ends being 504 and 372 inches, and its 
length 3l| feet ? Ana. 95-447 feet. 

f £ett AppwwKKi' D^nfODnlniAiaii '67% 
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5. What is the soliAty of a squared piece of thnber, its 
length being 18 feet, each side of the greater base 18 
incoesi and each side of the small end 12 inches? 

Ans. 26-5. 



PROBLEM IX. 
To find the woUdJity of the fiu^um of a cone* 

Rule. Add the two ends, and the mean proportional 
between them together, then multiply one-third of the sum 
by the perpendicular height, and the product will be the 
content.* 

1. How many solid feet in a tapering round piece of tim- 
ber, whose length is 26 feet, and the diameters of the ends 
22 and 18 inches respectively ? 

Here 22* X "7854 = 880*134 inches the area of the greater 
end, and 

18* X *7864 = 254*47 inches s: the area of the lesa end* 

(380'134 X 254-47) * = 311-018 = the mean proportional 

between the areas of the ends ; then by the rule 

254-47 +380.134 +311.018^ ^^^ ^ ^^^ ^ ^^3^ ^^.^ 

inches = 56*9 cubic feet, the Ans* 

2. How many cubic feet in a roimd piece of timber, the 
diameter of the greater end being 18 inches, and that of the 
less 9 inches, and length 14*25 ^et ? 

Jns. 14*68943 feeU 

3. What is the solid content of the frustum of a cone, 
whose height is 1 foot 8 inches, and the diameters of the 
ends 2 feet 4 inches, and 1 foot 8 inches ? 

Ans. 5*284. 



^^ Soa Appendii^ Domooi^alioQ eS. 
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PROBLEM X. 

Tofindihe soUdityqfa wedge. 

Rule I. Add the three parallel edges together, and multiply 
one^thir4. oi the sum by the area of that sectiion of the wedge 
^ich 18 perpendicular to these three edges, and the product 
will give the content.* * 




Note, 'WheD the quadrapgular sides are paraUelograms, tiie yteAgb b 
a triangular prism, having for its base the triangle B Q C; when tho 
quadrangles ape rectangular, A O is the height of the prism, and th^ 
area of the triangle B O C multiplied by A O will give its content; 
when the triangle B C is isosceles and perpendicular to the plane A C, 
the wedge is of the common kind ; C G is its edg^ and A E B its 
back. 

RcTLE II. To twice the length of the base, add the 
length of the edge, multiply the sum by the breadth of the 
base, and the product by the height of the wedge, and ^ of 
the last product will be the soUdity, that is, (2 L + ') 
X ^ 6 A, by putting L = R B the length of the base, 1:=: GC 
the length of the edge, 5 = A R, the breadth of the base, 
h = the perpendicular height of the wed^e.t 

1. Let A O = 4, G C = 3, R B = 2i, the peitpendicular 
D T = 12, and p the perpendicular distance of B R from 
the plane of the &ce A C = 3^ feet \ required the solid 
content. 

^"'"3"'"^ X 12 X -y = ^^ "^^^^ ^^^ 



* See Appendix, Demonstration 69. 
f See Appendix, Demonstration 70. 
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2. The perpendicular height from the point T to the 
middle of the back A Briff 24ra, the tength of the edge C G 
110 inches, the base H B 70 inches, and its breadth A R 
30 inches ; reqwiMJ: the fldidlt^ ? v 

Ans. 31000 cubic inches* 

. Z* How many cubic incheft in a wedge whose akitude is 
H J»€hep> its edge 21 inches, the length of ilsibase 32 
inches, and its breadth 4^ inches ? 

Ans» 892*5 cubic inches. 



PROBLEM XI. 

To find the solidity of a prismoidj which is the frustum of 

a wedge. 

Rule. By either of the foregoing rules, find the solidity 
(if two wedges whode bases ar6 the two ends of the frustum, 
aiid height the distance between them, and the sum of both 
will be the solidity of the prismoid or frustum.* 

li In the prismoid A B P Q, there is given R B :s 18, 
AOii:27, FD^21, Sa = 24,BO = 12, D = 4, and 
B I =: 30 ; what is its solidity ? 




18 + 27 +21 30 X 12 ^-^. ^, , \ ^ ^x. 

1 ■ ' M ■ ■ X • " ' ■ = 3960 = the content of the 

^ 24 + 27 + 21 30X4 ■^.^. 
greater wedge, and 5 X — ^ = 1440 the con- 
tent of the other; then 39^+ 1440 =r 5400 the content 
of the frustum. 



*.8^ Appendij^ Demooalntidii 71. 
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2. Wkfl^ is- tbe ididity of a piece of irbod in tbe fdma 
of a prismoid, wiiose ends are recUngles, the length and 
breadth of one being 1 foot 2 inches and 1 foot respectively, 
and the corresponding sides of the other 6 and 4 inches 
respectively ; the perpeadicukr height being 30^ feet ? 

Am. 18*074 cubic feet. 

Note. The following rule will answer for any prismoid, of whatever 
figure each end may ^. 

RtJLE. If the bases be dnaimilar rectangles, take two corresponding 
dimensions, and multiply each by the sum of double the other dimension 
of the same end, and Uie dimension of the other end corresponding to 
this last dimension ; then multiply tbe sum of the products by the h^;fat, 
and j- of the last prodoct wiU ^be the solidity:* 



PROBLEM XU. 

To find tAe toUdity ef a etfUndroid ; or Ae frustum of (m 

e^HetUcone. 

I. To the longer diameter of the greater end, add half the 
IcHiger diameter of the less eod^ aiod multif)!^ the Sditr by 
the shorter diameter oi the greater ^aid. 

n. To file longer diameter of the less end^ add half 
the longer diameter of the greater end, and multiply this 
sum by the shorter diameter of thq less end. 

III. Add the two preceding products togi^ther, and mul- 
tiply the sum by '^IS (one-'mird of -^TSM) and then by 
the he^ht, the last pvo^ct wUl be. tbe soliotity;*. 

* 

1. Let A B C D be a cylindroid^ the base of which is an 
iSiipsis^ whose twt) difuneters are A% and W indies, the 



pr»— *~i~wr~""""*"*"*"*T" 



* fbe A ppe ndi x, Demonstration 72. 
*^iSfle .Aj^fradfli^ OamcilpMticwi 7ft 
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too a circle, whose diameter is 30 inches ; what is its 
solidity^ allowing the height to be 10 feet ? 




(AB + JCD)xGH = (40+ 15) X 20 
(C D +1 A B) XTO P = (30 + 20) X 30 



1100 
1500 



sum = 2600 
Then (2600 X -2618 X 10) = 6806-8, which divided by 
144 gives 47*27 feet, the answer. 

2. The transverse diameter of the greater base of a 
cylindroid is 13, and conjugate 8 ; the transverse diame- 
ter of the less base 10, and conjugate 5*2; what is the 
8(didity of the cylindroid, its height being 12 ? 

Am. 721-93968. 

3. The transverse diameter at the top of the cylindroid 
is 12 inches, and conjugate 7 ; the longer diameter at the 
bottom is 14 inches, and shorter 12, and its height 10 
feet ; required its solidity ? Am, 6*78 feet* 

PROBLEM XIIL 

To find the solidity of a sphere* 

Rule I. Multiply the cube of the diameter by *5236, 
and the- product will be the content. 

Rui(iB II. Multiply the diameter by the circumference of the 
sphere^ and the product multiplied by one-sixth part of the 
diameter will be the solidity.* 



* See Appendix, DemonatratioD 74n 
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1. Suppose the earth to be a per- . 
feet sphere, and its diameter 7967f 
miles, how many solid miles does it 
contain? ^ 

7957| X 3-1416 = the circum- 
ference of die earth, (Prob. XVL 
Sec. II.) ; then 
79571 X 3-1416 X 7957} = 198943750 = the sur&ce of the 
sphere ; then 

198943750 X 7957} X i = 263857437760 miles, the solidity 
by Rule IL 

Again, -5236 X d? = •5236 X (7957}) » = 263858149120 
miled, the solidity by Rule' I., which gives the result too 
great on account of taking *5936 a little too great 

2. What is the solidity of a sphere, whose diameter is 24 
inches ? Ans. 7238.2464 cubic inches. 

3. What is the solid codtent of the earth, allowing its 
circumference to be 25000 miles f 

Ans. 263858149120 miles. 

4. Required the solidity of a globe whose diameter is 30 
feet. Am. 14137-2. 



PROBLEM XIV. 

Ta find the solidity of the segment of a sphere* 

Rule L From three times the diameter of the sphere, 
deduct twice the height of the segment ; multiply the re- 
mainder by the square of the height, and that product by 
*5236, the last product will be the solidity.* 

RuLB n. To three times the square of the radius of the 
segment's base, add the square of its height ; multiply this 
sum by the height, and the product by *5236 the lai^ restilt 
win be the solidity. 

* Sue Appendix, DemonitiBtioa 75« 
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1. What is the solidity of i^adi of 
the frigid zones, the diameter of the 
earth being 7957f miles, and half 
the breadth, or arc 6f the meridian 
intercepted between th^ polax pircle 
and the pole 23^ degrees; th^t is, 
A P = 23^ degrees, supposing A B 
to drepresent the pi)lar eircle. ; 



By Rule I. 

Aa 1 (= tabular radius) : 3976| (= radiiss of the^arth) 
:: .0829399 (= tabular versed sine of 2i^ de^eyes) : 
330'0074946» the versed sine, or height of the segment. 

Then -5236 h^ zz (3 d —2 h) =z -5236 X 330-0074946* 
>CM21 3*2350108 = .1323679710 the solid content 




By Rttk II. 



As 1 ; 3978J :: -3987491 (= the tabular sine of 23i 
degrees) : 15 86*572825 26, the jadius of the base, 

Then •5M6 A X (3 r» + ^) cr -5236 X 330-0074946 
X 7660544-936 = 1323680299-i59, the soHdity. 

2. Let A B D O be the segment of the sphere whose so- 
lidity is required. The diameter A B of the base is 16 
inches, and the height D 4 inches. 

Ans. 435*6352 cubic inches. 

3. Required the solidity of the fb^gmoBt xif adhere, 
whose diameter is 20 feet, and the height of the semient 
5 feet ? Ans. 654*5 reet. 



PROBLEM XV. 
To find the folidity of the frustum or zone cf a sphere 



BfJIA. 



t. To the sum of the squares of the radii of the two 
ends, add ^ of the square of their distance, or of the height 
<^ the zone ; this suni multiplied by the Tieiglit of the 
zone, and the 'product again by 1*5708, will' be die solidity. 
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n. For the middle cone of a sphere* To the square of 
the diameter of the end, add f of the square of the height ; 
multiply this sum by the height, and then by '7854, the 
last result wiU be the solidity. 

Ovy From the square of the diameter of the sphere, 
deduct ^ of the square of the height of the middle zone ; 
multiply the remainder by the height, and then by -78.54, 
the last result will be tiie solidity.* 

1. Required the solidity of the 
frustum of a sphere, the diameter 
of whose greater end is 4 feet, the 
diameter of the less end 3 feet, and 
the height 2^ feet ? 

(2« + l-5« + ^ X 2-5«) X 1-5708 
X 2 5 = 8^ X 3-927 = 32-725, the 
solidity of the frustum. 

2. What is the solidity of the temperate zone, its breadth 
being 43 degrees, the radius of the top being 1586*57282526, 
and the radius of the base 3648-86750538, and height 
2062-2655 ? 

(3648-86750538* + 1586-57282526* + ^ X 2062-26550 X 
2062-2655 X 1-5708 = 17249136x2062-2955 X .1-5708 = 
55877778668, the solidity of each temperate zone. 

3. Required the solidity of the torrid zone, which ex- 
tends 2&^ degrees on each side of the equator, the diameter 
being 7957* mUes, and the height 3173-14565052? 

(7957-75^— i X 3173-14565052«) x 3173-14565052 x 
-7854 = 149455081137, the answer. 

4. What is the solidity of the middle zone of a sphere, 
whose top and bottom diameters are each 3 inches, and 
height 4 inches ? j4ns. 61-7848. 

5. What is die solid content of a zone, whose greater 
diameter is 20 feet, less diameter 15 feet, and the height 
10 feet? Ana. 189-58. 



J^ See Appendix, D«monstratioQ 76. 
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6. Hew many soHd ftet in a aone^ wlmse gro^Hef dia- 
meter is 12 feet, «nd lesft £ameter 10; the height being 
2? 2ln«. 195-8264. 



PROBLEM XVI. 

To find the soUdify ^a <!ifvtffar spimik. 

Rule. Find the distaoice of the chord of the generating 
circular segment firom the centre of the circle, and also 
the area of this segment. 

Then, from ^ of the cube of half the kngth of the 
spindle or half chord of the segment, subtract me product 
<H the central distance, and hidf the area of the segnient ; 
the remainder, multiplied by 12*6664 will give we soli- 
dity.* 

L Let the axis A C of a ^ ® 

circular spindle be 40 inches, 
and its greater diameter B L 
30 inches;, what is its so** . , 
lidity? % 

20« -i- 15 =: 26|, then /^ 
26| + 15 = 41f, the dia- j \ 
Btet^ of the circle. Again ' 

-^ — s-=^ 5|, the ceDtral 
distance. 

Nowl5-f-41f = -36,1*16 
airea segment corresponding 
to whidi is *254550, whiqh multiplied by the square of 41f, 
produces 441*92708 the area of the generating segmeQt 
ABC, the half of which is 220*96354. 

Lastly, (20»-i- 3) — (5|x220'96354>=r 1377-71368, and 
this mdtipMedby 12'5€64 produces 17312-88862 cnhkr inebcs, 
the s<didity required. 




* See Appendix, DexnoDStralion 77. 
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2. The axis of a circular spindle ia 48, and the middle 
diaoKter 36 ; required the soHdity of the spindle? 

Am. 2991&6714i 



PROBLEM XVn. 

To find Alt soUdUy of the middk fruHum of a circular 

spindk, 

RULE. 

I. Fmd the distance of the centre of the middle fruatiuDy 
from the centre of the circle. 

II. Find the area of a segment of a circle, the chovd 
of which is equal to the length of the frustum, saad he%ht 
half the difference between its greatest and least diameters ; 
to which add the rectangle of the length of the frustum 
and half its least diameter ; the result will be the gene- 
rating surface. 

III. From the square of the radius^ subtract the square 
of the central distance, the square root of the remainder 
will give half the length of the spindle. 

IV. Fr(»n the square of half the length of the spindle 
take ^ of the square of half the length of the middle frus- 
tum, and multiply the remainder by the said half length. 

V. Multiply the central distance by the generating snr* 
&ce, and subtract this product from Ae preceding ^ the 
remainder, multiplied by 6*2832, will gite die solidity.* 

• 1. Required the solidity of the middle frustum of a'^^ir- 
cular spindle, the length D£ being 40, the greatest dia- 
meter Q F a2, and tlie least diameter P S 24. 

First, 20^-7-4=100, and 100 + 4 = 104, the diamieter 
of the wcle. 

Again, 52 — 16 =: 36, the central distance. Also, ^ (32 
— 24) =r 4, and 4-f- 104 = -038^ the area segment cor- 

# See. AppencUz, Demoiustntion 78i. 
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responding to which is '009940, which multiplied by the 
square of 104, produces 107'5+104, the area of PL Q; 
and. 40 X 12 = 480 the area of the rectangle P D E L. 

Hence 107-51104 + 480 = 587-51104 the area of the 
generating surface PDLE. 

Next \/ (52« — 36*) = V (1408) t= 8 V (22) = B O 

half the length of the spindle ; 

400 
And (1408 —) X 20 = 25493^. 

Then 36 X 587-51 104 = 21150-39744, and 
(25493^—21150-39744) X 6-2832 = 27287-5347, 
the required solidity. 

2. What is the solidity of the middle frustum P S R L 
of a circular spindle, whose middle diameter F Q is 36, 
the diameter P S of the end 16, and its length DE 40? 

Ans. 29257-2904. 



PROBLEM XVIIL 

To find the solidity of a spheroid. 

Rule. Multiply" the square of the revolving axis by the 
fixed axis, and this product again by *5236 for the solidity.* 

1. What is the solidity of a prolate 
spheroid whose longer axis A B is 6S 
inches, and shorter axis C D 33 ? 

Here 33* X 55 X-5536= 31361-022 
cubic inches, the answer. 

2. What is the solidity of an oblate spheroid, whose 
longer axis is 100 feet, and shorter axis 6 ? 

Ans. 31416 cubic feet 

3* What is the solidity of a prolate spheroid, whose axes 
are 40 and 50 ? Ans. 41888. 

4. What is the solidity of an oblate spheroid, whose axes 
are 20 and 10 ? Ans. 2094-4. 

■ ■ ii^i^^i. ■■ - ■ -^ 1^.. — ■,..., — ■■ — -■ ■■ ■-. ■■■■■ ■■■■■-, ■■■^ifc...— 

* See Appendix, Demonstration 79. 
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PROBLEM XIX. 



Ta find ike solidify tff the segment of a spherdidy the bass 
rf the segment being pardUl to the revolving axis oj 
the spheroid 

CASE I. 

RniiE. From three times the fixed axis, deduct twice 
the height of the segment, multiply the remainder by the 
square of the height, and that product by '5236. 

Then say, as the square of the fixed axis is to the square 
of the revolving axis, so is the product found above to the 
solidity of the spheroidal segment.* 

1. What is the content of the segment of a prolate 
spheroid, the height O C being 5, the fixed axis 50, and 
tiie revolving axis 30. — See last figure. 

50x3 — 5x2 = 150 — 10=140; then 
140 X 5* = 3500, and 3500 X -5236 = 1832-6 ; then 
25 : 9 : : 1832-6 : 659-736 the answer. 

CASE n. 

When the base is elliptical^ or perpendicular to the revoking 

axis, 

RuiiE. From three times the revolving axis, take double 
the height ; multiply that difference by the square of the 
height, and the product again by *523o. 

Then as the revolving axis is to the fixed axis, so is 
the last product to the contentf 

2. What is the content of the segment 
ot a spheroid, whose fixed axis is 50, re- 
volving axis 30, and height 6 ? ^ 

30X3 — 2x6= 90 — 12 = 78; 

Then 78 X 6« = 2808; and 2808 X -5236 

= 1470-2688; 

Then 30 : 50 :: 1470-2688 : 2450-448, the 

answer. 




* See Appendix, Demonstration 80. 
f See Appendix, Demonstration 81. 
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3. fin a prolate spheroid, the transyerse or fixed axis 
is 100, the conjugate or revolving axis is 60, and the 
height jof the segment whose base is parallel to the re- 
Tolving axis Is 10, required the solidity? 

Aat. 5277;888. 

4. If the axes of a prolate spheroid be 10 and 6, required 
^ content of the segment, whose height is 1, its base being 
parallel to the revolving axis f Ans, 5'277688« 



PROBLEM XX. 

To find the solidity of the middle zone of a tp^heroidy the 
diameter of the ends being perpendicular to the fixed axiSp 
the middle diameter, and that of either end being given, 
together with the length of the zone. 

Rule. To twice the square of the middle diameter, add 
die square of the diameter of the end ; multiply the. sum 
by the length of the zone, and the product again by *2618 
fiir the solidity.* 

1. What is the solidity of the mid- 
dle zone of an oblate spheroid, the 
middle diameter being 100, the dia- 
meter of the end 80, and the length 
36? 

100* X 2 -h 80* = 26400 ; then 
26400 X 36 = 950400, and 950400 
X -2618 = 248814-72, the answer. 

2. What is the solidity of the aitd- ^ 

die frustum of a spheroid, the greater diameter being 30, 
the diameter of the end 18, and the length 40 ? 

Ans. 22242*528. 




* See AppendTs, Demonstratioii 82. 
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1. The greater diameter of the 
frustum is 10, and the less diameter 
5 ; what is the solidity, the length being 
12? 

10* = 100 

6^ = 26 



T 



125. Then 125 12 X = 1500, and 
1500 X -3927 = 589-05 the solidity. 

2. The greater diameter of the frustum of a parabolic 
conoid is 20, the less 10, and its height 12; what is the 
solidity ? Ans. 2357-4. 

3. The greater diameter of the frustum of a parabolic 
conoid is 30, the less ^ 10, and the height 50, requiried the 
solidity. 4rtf. 19635. . 

4. The greater diameter of the frustum of a parabolic 
conoid 1$ 15, the less 12, and the height 8, required the 
solidity. . ^iw. 1159-8408. 



PROBLEM XXIII. 

To find the solidity of a parcholic spindle, 

RiTLE. Multiply the square of the middle diameter by 
*7854, and that product by the length; then -^ of this 
product will be the solidity.* 

1. The middle diameter C D, 
of a parabolic spindle is 10 feet, 
and the length A B is 40 ; required A.< 
.its solidity ? 

10* X -7854 X 40 = 3141-6 feet. 
Then ^ X 3141-6 = 1675-52 feet the answer. 




* See Appendix,. Demonstration 85. 
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2. The middle diameter C D, of a paraboHc spindle is 12 
feet, and the length A B is 30,requu-ed the solidity ? 

Am. 1809-5616. 

3. The middle diameter of a parabolic spindle is 3 feet, 
and the length 9 feet ; required its solidity ? 

Ana. 33*92928. 

.4. The middle diameter of a parabolic spindle is 6 feet, 
and the length 10 ; required its solidity ? 

Ans. 150-7968. 

5. The middle diameter of a parabolic spindle is 30 feet, 
-and the length 50 ; required its solidity ? 

Ans. 18849-6. 



PROBLEM XXIV. 



To Jind the solidify of the middle frustum of a poraboHc 

spindle, 

RuiiE. To double the square of the middle diameter, add 
the square of the diameter of the end ; and from the sum 
subtract -^ of the square of the difference between these 
diameters ; the remainder multiplied by the length, and that 
product by -2618, will be the solidity.* 

1. In a parabolic spindle, the ^ 
middle diameter of the middle frus- 
tum is 16, the least diameter 12, ^ 
and the length 20; reqiured the 
solidity of the frustum. 

Here 2 X 16« + 12* — ^ X 4« = 512 + 144—6-4 = 
049-6 ; hence 649-6 X 20 x -2618 = 3401-3056, the so- 
lidity. 




» ■ *■ 



^ • See Appendix, Bewitftnition 89. 



F 5 
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2. TTfae bung <£ameter of a cask is 30 i]iche9» the head 
diameter 20 indies, and the length 40 inches j required ilB 
co|)tent in ale gallons, allowing 282 cubic inches to be equal 
to one gallon ? Ana. 80-211 gallons. 

3. The bung diameter of a ca^ is 40 inches, the head 
diametear 30 inches and the length 60 ; how many wine gal- 
lons does it contain, 231 cubic inches being equal to one 
gallon ? Ans. 276*08 gallons. 



PROBLEM XXV. 

To find the solidUy of a hyperbolic conoid. 

Rule. To double the height x>f the solid, add three times 
the transverse axis, multiply the sum by the square of the 
radius of the bane, and tiiat pcodoct by the height, and this 
last product by -5236 ; the result di- 
vided by the sum of the height and 
transverse axis, will givie the solidUy.* 

1. Required the solidity of an hyper- 
bolic conoid, whose height V m is 50, 
the diameter A B 103-923048, and the 
transverse axis V E 100. 

Here (2 X 50+3 X 100) X liHl^?^' = 400 X 2700 = 




1080000 ; and 



1080000 X 50 X '5236 

■ 

150 



=188496, the solidity. 



2. What is the content of an hyperboloid, whose altitude 
is 10, the radius of its base 12, and the traasverse 30? 

^iM. 2073-45U51369. . 



♦ S^ AppeiMiii;, DmamM^fm 87. 
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PROBLTEM XXVI. 

To find ihe soSdUy of Ae fmabun tf on hyperhcXMy or 

hyperboUe coH&id. 

Rule. To four times the square of the middle diameter, 
add the sum of the squares oi the ereatest and least diame- 
ters ; multiply the result by the latitude, and that product 
by -ISOg, for th^ solidity.* 

1. Required the solidity of the 
frustum ACEHDB of an hyper- 
bolic conoid, whose greatest diameter 
A B is 96, least diameter E H 54, 
middle diameter CD 7&4264352, 
and the aldtude mn 26 ? 

Here 4 € ]> -H A B> + £H'' nr 
(4841 X 4) -f- 9216 + 2916 a 
35496, and 35496 X 25 X *ia09=: a 
ll6l60-66> the answer. 

2. What is the solidity of an hyperboloidal cask, its bung 
diameter being 32 inches, its head diameter 24, and the 
diameter in thi^ middle beiw^n the bung md head f V 310, 
and its length 40 inches ? 

vlnj, 24998-69994216 inches. 




PROBLEM XXVII. 

To find the soUdity of a fhutmn of an 4Uiptkal tpindUf or 
any other eolid formed by the revoliUion of a conic section 
about an axu, 

KULE. Add together the squares of the greatest and least 
diameters, and tne square of double the diameter in the 



* See Appendix, PenonstratioD 88b 
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middle between the two ; multiply the smn by the length, 
and the last product by -1309 for the solidity.* 

1. What is the content of the middle frustum CDIH 
of any spindle, the length O P being 40, the greatest, or 




middle diameter E F 32, the least, or diameter at either, 
end C D 24, and the diameter G K 30-1^7568 ? 
Here 32« + (2 x 30-167568)* + 24^ = 5237-89 sum ; 
Then 5237-89 X 40 = 209515-6, and 
209515-6 X -1309 = 27425-7, the answer. 
2. What is the content of the segment of any spindle, 
the length being 20, the greatest diameter 10, the least 
diameter at either end 5, and the diameter in the middle 
between these 8? .liw. 997-458. . 

PROBLEM XXVIII. 
To find the solidity of a circular ring. 

Rule. To the thickness of the ring add the inner dia- 
meter ; multiply the sum by the square of the thickness, 
and the product by .2-4674, for the solidity.f 

1- The thickness of a cylindrical 
rmg is 2 inches, and the diameter 
C D 5 mches ; required its solidity. 

^ (2 +5)X 4= 28; then 28 X , 
2-4674 = 69-0872 cubic inches, the A 
answer. 

2. Required the solidity of an 
iron ring whose axis forms the cir- 




• See Appendix, Demonstration 89. 
t See Appendij^ Demonstration 90. 
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cmmference of a circle; the diameter of a secCkm of the 
ring 2 inches, and the inner diameter, from side to side, 18 
in(£e8. Ana. 197*3925 cubic indbes. 

3. The thickness of a cylindrical ring is 7 inches, and the 
inner diameter 20 inches ; » required its solidity. 

I Ana. 3264-3702. 

4. What is the sotidity of a circular ring, whose thickness 
is 2 inches, and its diameter 12 inches ? 

An$* 138*1744 cubic inches. : 



Jm.^ 
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THE FIVE REGULAR BODIES. 



SECTION V. 



I>SFnaTION9. 

A regular body is a solid oontained under a certain 
number of similar and equal plane figures. 

Only five regular bodies can possibly be formed. Because 
it is proved in Solid Geometry that only three kinds of 
equi-uiteral and equi-angular plane figures^ joined together 
can make a solid angle. 

1. The tetraedron, or equi-lateral 
pyramid, is a solid having four trian- 
gular faces.* 




2. The hexa^drm^ or cube, is a 
solid having six square faces. 



toiWM^H^^M ta^M^a^Mi^ ^l^t^t^a^am ^^^m^m^^ 



3. The wsUied/ron is a re- 
gular solid having eight tri- 
angular faces. 




* If figures similar to those annexed to the definitions, b^ dmwn on 
pBsteboaid, and cut out, by cutting through the bounding lines, and if 
Uie other Ihies be cut half through, and then the parts be turned up and 
glued together, Uie bodies defin^ will be formed. 
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4. The dodecaedron has twelve pentagonal fiuses. 




5. The icosaedron has twenty triangular &cea. 




PROBLEM I. 
To find the toUdify of a ietraedron. 

Rule I. Multiply -^ of the cube of the lineal side by 
the square root of 2, and the product will be the solidity. 

Rule II. Multiply the cube of the length of a side of the 
body by the tabular solidity, and the product will be the soli- 
dity of the body.* Thisruleisgeneraltorall the regular bodies. 

1. If the side of each face of a q 
tetraedron be 1 ; required its so- 
lidity. 

Here ^Xl''xV2=:^X 
V 2 sz -1 178511a, the solidity. 

2. The side of a tetraedron is 
12 ; what is its solidity ? 

Ans. 203-6467. 




See Appendix, DemonfltraiionQL 
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PROBLEM 11. 

To find the solidity of a hexaedron, or a cube. 

Rui^. Cube the side for its solidity.* 
h If the linear side of an hexaedron be 3, what is its 
content ? Ans. 3 X 3 X 3 = 27. 



PROBLEM in. 

To find the solidity of an odxuedron. 

RuxE. Multiply the cube of the side by the square root 
of 2, and \ of the product will be the content.*!" 

1. What is the solidity of an octaedron^ when the linear 
side is 1 ? 



l»X\^2xi=J V 2=F 
•4714045. 

2. What is the solidity of the 
octaedron, whose linear side is 2 ? 

Am. 3-7712. 




PROBLEM IV. 

To find the solidity of a dod&:aedfon. 

Rvi^. To 21 times the square root of 5 add 47, and di- 
vide the sum by 40 ; multiply the root of the quotient by 5 
thneft the cube of the lineal side^ and the product will be 
the solidity.;]: 

* See Appendix, Demenstration ^4. 
f See Appendix, Demonstration 90. 
\ See Appendix, Deu^onstratioB 93. 
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1. If the lineal side of the dodecaedron foe 1, what is its 
solidity ? 

Here A = 1, consequently 5 A^ V — 



40 



7-66311896 the content. 



2. The side of a regular dodecaedron is 12 incb^ how 
many cubic inches does it contain ? 

Ans. 13241*8694592. 



PROBLEM V. . 
To find AesolUHfyqf an koBOedrom, 

Rule. To 7 add three times the square root of 5, take 
half the sum, multiply the square root of this half sum by | 
of the cube of the lineal «ide> and the product will be the 
8(Jidity.* 



^ * See Appendix^ Demonstration 94. 
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1. What is the solidity of an icosaedron, whose lineal 
side is 1 ? 

Let the side be denoted by A. Then A = 1, and con- 
sequently , 

I A» V '-±4^' = I V 1+1^ = 2.18169499, 

the content. 

2. What is the solidity of an icosaedron, whose lineal 
side is 12 feet? ' Jns. SISd-SBSdeeL 

Note,! The following table may be collected from the examples given 
in the foregoing rules, each of which has been demonstrated under its 
particular head. It has also been demonstrated that the cube of the 
fineal n^e of any regular solid multiplied by the tabular number cones- 
ponding to the figure, will give its content. It is particularly reoom- 
mepded to the pupil to employ the general rule given in Problem I. 
whenever the content of any of the five regular bodies is required. 

TABLE III. 

Showing the solidity of the five regular bodies^ Ae length 

of a side in eadi being 1. 



'No.of 
sides. 



4 

6 

8 

20 

12 



Names. 



Solidity. 



u. 



Tetraedron 

Hexaedron 

Octaedron 

Icosaedron 

Dodecaedron 



••• 



•1178511 
1-0000000 

•4714045 
2-1816950 
7-6631189 
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PROBLEM VI. 
To fini the surface!''' of a tetraedfan. 

Rule I. Multiply the square of the linear side by the 
ai|iiare root of 3, and the product will be the whole surface.t 

Rule II. Multiply the square of the length of a side of the 
body, by the tabular area corresponding to the figure, and 
the. product will be the surface of the body. This it a 
general rule for finding the surfaces of the regular bo<£es. 

1« If. the nde of a tetraedron be 1, what is its surface? 

Here 1«XV3=V3=: 1-7320506 s: tlie whole sur- 
face. 

2. The side of a tetraedron is 12, what is its surfisM^ ? 

An». 249-4153162. 

PROBLEM VIL ' 

To find the surface of a hexaedron or cube. 

RxTLE. Square the side and multiply it by 6, and the 
product will be the surface.J 

1. If the side be 1, what is the surface of a hexaedron ? 

P X 6 = 6 the whole surface. 

2. If the side be 4, what is the sur&ce of a hexaedron ? 

^ns. 96. 



* lliough ffae next section treats exclusively of the surfaces of solids, 
and would therefore seem to be the proper place for this problem and 
the folloDving ones in this section, yet it has been thought more convenient 
10 pleoe together the rules both for finding the solidities and surfaces of 
those curious bodies. 

t See Appendix, Demonstration 95* 

\ See Aj^ndix, Pemonatoation 96, 
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PROBLEM VIII. 

To find the surface of an octaedrofu 

Rule. Multiply the square of the side by the square 
root bf 3, and double the product will be the surface.f 

1. If the side of an octaedron be 1, what is its surface ? 
2X1*V3 = 2V3 = 3-4641016 = the whole surfece. 

2. If the side of an octaedron be 12, what is its super- 
fides ? Ans. 498.8306304. 

3. If the side of m. octaedron be 4, what is its surface ? 

Ans. 55-4256256. 



PROBLEM IX. 
To find the superficies of a dodecaedron, 

RuL^. To 1 add f of the root of 5 ; multiply the root 
of the sum by 15 times the square of the lineal side, and the 
product will be the surface.^: 

« 
'' 1. If the lineal side be 1, what is the surface of a regular 
dodecaedron ? 

Here 1* X 15 v' (1 + f ^ 5) = 15 ^/ (1 + f V' 5) = 

20-645728807, the surfaced 

2. What is the surface of a dodecaedron, whose lineal 
side is 2 ? Ans. 82-58292. 



* See Appendix, Demotistrntion 97. 
f See Appendix) Demonstration 98^ 
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PROBLEM X. 

To find the supejficies of an icasaedrtm^ 

Rule. Multiply five times the square of the lineal side 
by the square root of 3, and the product will be the surfiioe.* 

1. The side of an icosaedron is 1, what is its Surface? 

5xl*X-v/3 = 5^ 3 = 8-66026408. 

2. What is the surface of an icosaedron whose side is 2 ? 

.^Ifw. 34*641. 

3. What is the surface of an icosaedxton whose side is 3 ? 

. -^iw* 77-9423. 

Note. Id finding the svperficial content of the regular bodies, it is 
particularly recommended to employ the general rule given in Problem 
I. in practice, in preference to any other. The particular rules given 
for each solid are introduced merely to find the tabular numbers, by 
which the pupil is to work. 

FVom th« example gi^en in the preceding rules, in which the lineal 
side of each regular solid is 1, the following tabular numbers may be 
ooUeeted. 



TABLE IV. 

Shewing the surfaces of the five reg\ 

linear side is 1. 



No. of 
sides. 


Names. 


Surface. 


4 

6 

8 

12 

20 


Tetraedron 
Hexaedron 
Octaedron 
Dodecaedron ... 
Icosaedron 


1-7320508 
6-0000000 
3-4641016 
20-6457288 
8-6602549 

. . «.. a 



* See Appendix, DemonstratioD 99 
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PROBLEM XL 

To find the gufface qjf a partiUehpipedan. 

Rule. Find the area of the sides and ends, and dieir 
sum will be the sur&ce. 

1. What is the surface of a paralldk^ipedos, whose 
length is 10 feet, breadth 4, and depth 2 ? w^iu. 136 feet. 

10 X 4 = 40 = the area <^ one &ce. 

10 X 4 = 40 = the area of its opposite fiice. 

10 X 2 = 20 = the area of one face. 

10 X 2 = 20 =: the area of its opposite lace. 

4x2= 8 = the area of one end. 

4 X 2 =r 8 =r the area of its opposite end. 

136 = the surface of the wbole idid. 

2. The length of a parallelopipedon is 5, breadth 4, and 
depth 3, what is its sur&ce ? Ans. 94. 
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SURFACES OF SOLIDS. 



SECTION VL 



PROBLEM L 

To find the surface (f a prism. 

Ruijs. Multiply the perimeter of the end of the solid by 
its lengpthy to the product add the area of the two eod^^ 
and tl^e tum will be the surfiice.* 




* See Appeniia^.D«iiiQiwtiniti<m 100. 
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I. If the side H I of the pentagon be 25 feet, and height 
ID lOy what is its sur^sice? 

25 X 5 = 125, the perimeter; 
Then 125 X 10 = 1250 = the upright surfece; 
25* X 1-720477 =r 1075'298125 =r the area of one end ; 

And 1075-298125 X 2 = 2150-596250 = the area of 

both ends ; 

Then 2150-596250 + 1250 =: 3400-59625 = the entire 

sur&ce. 

' 2. If the side of a cubical piece of timber be 3 feet 6 
inches, what is the upright surface, and whole superficial 
content ? 



M f 49 feet upright surface. ^ 

' I 73 feet 6 in. whole superficial cc 



content. 



3. If a stone in the form of a parallelopipedon be 12 feet 
9 indies long, 2 feet 3 inches deep, and 4 feet 8 inches broad, 
what is the upright surface, and whole superficial content ? 
A J 176 feet 4 in. 6 sec. upright surface. 
(197 feet 4 in. 6 sec. whole sup. content. 



PROBLEM VIII. 

To find the surface of a pyramid. 

Rule. Multiply the slant height by half the circumfe- 
rence of the base, and the product will be the surface of the 
sides, to which add the area of the base for the whole 
BurfiM^e.* 

t9oU. The slant height of & pyramid ia the perpeadicular distapoe 
fcom the vertex to the middle of one of the sides, and the perpendicular 
h^ht is a straight line drawn from the vertex to the middle of the base. 



• See AppMidiSE, DiemonfltratioD 101. 
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1. The slant height of a triangular pyramid is 10 feet, 
and each side of the base is 1 ; what is its surface ? 

Half circumference = f 
Slant height = 10 



Upright surface 
Area of the base 



= 15 

= -433013 



The entire surface = 15-433013 

2. The perpendicular height of a heptagonal pyramid is 
13*5 feet, and each side of the base 15 inches ; required its 
surface. Ans. 65*0128 feet. 



PROBLEM III. 
To find thfi surface <jf a cone* 

RuiiE. Multiply the slant height by half the circumfe- 
rence of the base, knd the product, with the area of the base, 
will be the whde sur&ce.* 




* See Appendix, Demonitntion 102. 
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1. What is the sur&ce of a cone whose side is 20, and 
the circumference of its base 9 ? 

Here 20 X ^ = 90 = the convex sur&ce. 

9* X -07958 = 6-44598 = the area of the base. 

Then 90 + 6-44598 = 96-44598 = the whole sur&ce. 

2. The perpendicular height of a cone is 10-5 feet, and 
the circumference of its base is 9 feet ; what is its super- 
ficies ? Ans. 54-1336 feet. 

PROBLEM IV. 

To find the superficies qf the firtutym rf a rightj regular 

pyramid* 

Rule. Add the perimeters of the two ends together, and 
multiply half the sum by the slant height, the product will 
be the upright surface ; to which add the areas of both ends, 
and the sum will be the whole surface.* 

1. What is the superficies of the firustum of a c /^-. d 
square pyramid, each side of the greater base 
A B being 10 inches, and each side of the less 
base C D 4 inches, and slant height 20 inches P 

Here 10 x 4 =40 the perimeter of the greater 

base. 

And 4 X 4 = 16 the perimeter of the less end. tl 




A F B 
Sum 56, the half of which is 28. 

Then 28 X 20 = 560 1= the upright surface. 

10 X 10 =r 100 r= the area of the greater base. 

4 X 4 = 16 = the area of the less end. 

Hence 560 + 100 + 16 =: 676 = the whole surface. 

2. What is the superficies of the firustum of an octagonal 
pyramid, each side of the greater base being 9 inches, each 
side of the less base 5 inches, and the height 10-5 feet? 

Ans. 52-59 feet. 
— * - 

* See Appeodix, Demonstration 103. 
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PEOBLBM V. 

.To find the stq^erficies of tke firutium of a cane* 

Rule. Add the perimeters of both ends together, and 
multiply half the sum by the slant height, to which add the 
areas of both ends, for the whole superficies.* 







C 



1. If the diameters of the two ends C D and A B are 7 
and 3, and the slant height D B 9) what is the whole sur- 
face of the frustum A B C D ? 

7 + 3 

—5— X S-Hie X 9 = 141'372, the convex surface. 

7 X 7 X -7864 = 38-4846, the area of the base C D. 
3X3 X -7854 = 7-0686, the area of the end A B. 



Then 141-372 + 45-5532 = 186-9252 z= the whole 
surface of the frustum. 

2. What is the superficies of the frustum of a cone, whose 
greater diameter is 18 inches, and less diameter 9 inches, 
and the slant height 171*0592 inches ? 

Arts. 7572-981. 



See Appendix, Demonstration 104. 
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PROBLEM VL 

To find the siqfer/icies of a wedffe* 

Rule. Find the area of the back, which is a right-angled 
parallelogram ; find the areas of both ends, which are trian- 
gles ; and also of both sides, which are trapezoids; all these 
areas added together will evidently be the whole surface.* 

1. The back of a wedge is 10 inches 
long, and 2 inches broad, each of its 
faces is 10 inches from the edge to the 
back ; required its whole surface ? 

10 X 2 zz 20 = the area of the back. 
10 X 10 X 2 = 200 the areas of both 

faces 
v/ (AE« — E ^) = V (100 — 1) = 

9-949 = A ar ; then 
9*949 X 2 = 19-898 = areas of both 

ends. 

Hence 200 + 20 + 19-898 = 239-898 = the whole sur- 

face of the w^dge. 

2. The back of a wedge is 20 inches long, and 2 inches 
broad ; each of its faces is 10 inches from the back to the 
edge ; what is its whole surface ? Ana. 459-898. 



PROBLEM VIL. 

To find the area of the frustum of a wedge. 

Rule. Find the areas of the back and top sections ; of 
the two faces ; and of the two ends ; the sum of all the 
separate results will evidently be the whole surface. 




* See Appendizy Demonstration 165. 
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1. The length and breadlh of the j^ 
back are 10 and 2 indies, the length 
and breadth of the upper section are 
10 and 1 inches, the length of the 
edge from the back to the upper sec- 
tion is 10 inches; required the whole 
sur&ce? 

10x2 = 20 = the area of the back. _ 
10x1 =: 10 = the area of the upper j^ 

section. 

10 X 10 X 2 z= 200 = the areas of both &ces. 
?.^ = J = -5, and v^ (100 — -25) = 9-98 = By. 

Then (2 + 1) X 9*98 =: 29-94 = areas of both ends. 
Hence 20 + 10 + 200 + 29*94 = 259*94 inches, the Am. 

2. The length and breadth of the back are 10 and 4, the 
length and breadth of the upper section are 5 and 2, and 
the length of each of the faces^is 20 ; required the whole 
superficies ? Am. 470*78. 



PROBLEM VIIL 
To find the surface cf a globe or tphere. 

Rule. Multiply the diameter of the sphere by its cir- 
cumference, and the product will be its convex surface.* 

1. What is the surface of a globe, whose diameter is 24 
inches ? 

24 X 3*1416 = 75-3984, the ^circumference 
75-3984 X 24 = 1809-5616 inches, the answer. 

2. What is the surface of the earth, its ditfmeter being 
7957f , and circumference 25000 miles ? 

Ans. 198943750 square miles. 

■ ■ ^,^^^„„,,___^^__^_^ ^— ^»^— »»»_— I— «^»^»^^— ^i^^i^i— »— .»»-^^ 

• See Appendix, Demonstration 107. 
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PROBLEM IX, 

To find the convex turfaoe of amy $egmmt^ or zone of a 

sphire, 

BxnuE. Multiply the circumference <^ the whole sphere 
by the height of Ae segment, or zone, and the product will 
be the convex surface.* 

1. If the diameter of the earth be 797t) miles, the height 
of the frigid zone will be 252-361283 miles ; what is its 
surfece? 

Here 7970 x 3*1416 sn the circumference; then 
7970 X 3-1416 X 252-361283 = 631876M07182216 
miles. 

2. if the diameter of the earth be 7970 miles, the height 
of the temperate zone will be 2143*6235535 miles; what is 
Its surface ? Ans. 53673229-812734532 miles. 

3. If the diameter of the earth be 7970 miles, the height 
of the torrid zone will be 3178-030327 miles ; what is iU 
surface ? Ans. 79573277-600166504 miles. 

xVofo. By adding the surfaces of both frigid zones and both tem- 
perate zones, to die surfade of the torrid zone, the sum 199557259*44, 
is the surface of the earth in square miles. 

4. The ^dDieter <tf » sphere is % Ihe height of the seg- 
ment 1 ; what is its convex surface ? jins. 9*4248. 

5. The circumfereBce of a sphere is 33, the height of the 
segment Ia 4 j what is Us convex surface ? Jm$> 132. 

PROBLEM X. 

To find the surface of a cylinder. 

Rule. Multiply the circumference by the length, and 
the product will be the convex surface ; to which add the 
area of the two ends, and the sum will be the surface of the 
entire solid.f 

■ I . ■ ■■ I ^ ■ 1 1 ■ ii» ■ ■ ■ 1 1^ III <^ 11.11. 

* See Appendix, Demonstration 108. 
f See Appendix, Demonstration 109. 
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1. What is the entire sur&ce of a cylinder, whose length 
is 10 feet, and its diameter 5 feet ? 
3-1416 
5 



15-7080, then 15-708 X 10 = 157*08 the convex 
surface. 

5X5 X '7854 = the area of the base ; then 
2 X 5 X 5 X -7854 = 50 X'7854 = 39^00 = the area of 

both bases ; then 
157-08 X 39-27 = 196-35, the answer. 

2. Required the superficial content of a cylinder, whose 
diameter is 21*5 inches^ and height 16 feet. Aw, 95-1 ft. 

3. What is the surface of a cylinder whose diameter is 
20:75 indiesy and its length 55 inches ? Am. 29-595 feet. 

PROBLEM XL 

To Jind the mptrfidesof a eiirculafr cylinder. 

Rule. Add the inner diameter to the thickness of the 
ring, multq)ly the sum by the thickness, and that product by 
9-8696 for the superficies.* 

1. The thickness AC of a cylindrical ring is 2 inches, 
the inner diameter C D 5 inches ; required its superficial 
content. 

Here (2 X 5) X 2 =z 14 ; then 14 X 9-8696 = 138-1744 

square inches. 

i j - . 1 - ■ - 

* See Appendix, Demonstration 110. 
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SECTION VIL 



DESCRIPTION. OF THE CAEFENTXB'S BDLK*. 

T%i8 instrument is sometimes called- the sliding rule, and 
is used in measuring timber, and artificers' works. By it 
dimensions are taken, and contents computed. 

It consists of two equal pieces of box-wood, each one foot 
long, connected by a folding joint. 

One face of the rule is divided into inches and half-quar-'- 
ters or eighths. On the same side or face are several plane 
scales divided by diagonal lines into twelfths; these are 
chiefly used in planning dimensions which are taken in feet 
and inches. The edge of the rule is divided decimally ; 
that is, each foot is divided into 10 equal parts, and each of 
those agaih into 10 equal parts. By means of this last scale, 
dimensions are taken in feet, tenths, and hundredths ; and 
then multiplied as common decimal numbers. 

In one of these equal pieces, there is a slider on which 
are marked the two letters B, C j on the same face are 
marked the letters A, D. The same numbers serve for both 
these two middle lines, tlie one being above the numbers, 
and the other below. 

Three of these lines, viz. A, B, C, are called double lines, 
as they proceed from 1 to 10 twice over. These three lines 
are exactly alike both in division and numbers, and are 
numbered from the left hand towards the right, 1, 2, 3, 4, 5, 
6, 7, 8, 9 to 1 which stands in the middle ; the numbers then 
go on, 2, 3, 4, 5, 6, 7, 8, 9 to 10, which stands at the right- 
hand end of the rule. 

These four lines are logarithmic ones ; the lower line D, 
is a single one, proceeding from 4 to 40, and is called the 
girt line from its use in finding the content of timber. 

Upon it are also marked WGat 17"15, A G at 18-95, 
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and IG at 18*8. Thede are the wine, ale, and imperial 
guage points. 

On this face is a table of the value of a load, or 50 cubic 
feety bf timber, at all prices from 6 pence to 2 shillings per 
foot. 

To ascertain the values of the figures on the rule, which 
have no determinate value of their own, but depend upon 
the value set on the unit at the lefl-iiand of that part of the 
rule marked 1, 2, 3, &c. ; if the first unit be called 1, the 
1 in the middle will be 10, the other figures that follow 
will be 20, 30, 40, &c. and the 10 at the right-hand end 
will be 100. If the lefl-hand unit be called 10, the 1 in 
the middle will be 100, and the following figures will be 
200, 300, 400, 500, &c.; and the 10 at the right-hand end 
will be 1000. F the 1 at the left-hand end be called 100, 
the middle 1 will be 1000, and the following figures will be 
2000, 3000, 4000, Ac. and the 10 at the right-hand will 
be 10,000. From this it appears, that the values of all the 
figures depend upon the value set on the first unit. 

The use of the double line A, B, is to find a fourth pro- 
portional, and also to find the areas of plane figures. 

The use of the several lines described here is best learned 
in practice. 

If the rule be unfolded^ . and the slider moved out of the 
grove, the back part of it will be seen divided like the edge 
of the rule, all measuring 3 feet in length. 

Some rules have other scales and tables delineated upon 
them ; such as a table of board measure, one of timber 
measure, another for showing what length for any breadth 
will make a square foot. There is also a line showing what 
length for any thickness will make a solid foot. 



g5 
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THE USE OF THE SLIDING RULE. 



PROBLEM I. 

7b nmU^fy mtmberg togeiker. 

Set 1 on B to the multiplier on A ; then against the mul- 
tiplicand on B, stands the product on A. 

1. Multiply 12 and 18 together. 

Set 1 on B, to 12 on A; then against 18 on B, stands 
the product 216. on A. 

2. Multiply 36 by 22. 

Set 1 on B, to 36 on A ; then as 22 on B goes beyond 
the rule, look for 2*2 on B, and against it on A stands 79*2 ; 
but as the real multiplier was divided by 10, the product 
79*2 must be multipled by 10, which is effected by taldng 
away the decimal point, leaving the product 792. 

PROBLEM XL 

To divide one number by anMer. 

Set the divisor on A, to 1 on B ; then against the dividend 
on A, stands the quotient on B. 

1. Divide 11 into 330. -- 

Set the divisor 11 on A, to 1 on B; then against the 
dividend 330 on A, stands the quotient 30 on B. 

2. Divide 7680 by 24. 

Set 24 on A, to 1 on B ; then because 7680 goes beyond 
the rule on A, look for 768 (the tenth of 7680), on A, and 
against it stands 32 on B ; but as the tenth of the dividend 
was taken that the number should fall within the compass of 
the scale A, the quotient 32 must be multiplied by 10, which 
gives 320 for the answer. 
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PROBLEM III. 

To square any ntcmfcr. 

Set 1 upon C, to 10 upon D ; then if you call the 10 upon 
D, 1, the 1 on C will be 10 ; if you call the 10 on D, 10, 
then the 1 pn C will be 100 ; if you call the 10 on D, 100, 
then th*e 1 on C will be 1000 ; this being understood, you 
will observe that against every number on D, stands its 
square on C. 

1. What are the squares of 25, 30, 12, and 20? 

Proceeding according to the above directions, 625 stands 
against 25, 900 against 30, 144 against 12, 400 against 
20. 

PROBLEM IV- 
To exiraet the square roo^ cf a number. 

Set 1 or 100, &c. on C, to 1 or 10, &c. on D ; then against 
every number found on C, stands its root on D. 

1. What are the square roots of 529> and 1600? 
Proceeding according to the above directions, opposite 
529 stands 23 ; opposite 1600 stands 40, and so on. 

PROBLEM V. 

To find a mean proportional between two number s^ as 9 

and 25. 

Set the number 9 on C, to the same 9 on D ; then against 
25 on C, stands 15 on D, the required mean proportional. 

The reason of this may be seen from ^e proportion, viz. 
9:15!: 15: 25. 

1. What is the mean proportional between 29 and 430 ? 

Set one number 29 on C, to the same on D ; then against 
the other number 430 on C, stands 112 on D, which is the 
mean proportional nearly. 
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PROBLEM VL 

To find a third proportional to two nund>ers, as 21 tmd 32, 

Set the first number 21, on B» to the second, 32, on A ; 
then against the second, 32, on B, stands 48*8 on A, which is 
the required third proportional. 

PROBLEM VII. 
To find a fourth proportional to three given numbers* 

Set the first term on B, to the second on A ; then against 
the third term on B, stands the fourth on A. 

If either of the middle numbers fall beyond the line, take 
one-tenth part of that number, and increase the fourth nura> 
ber found, ten times. 

1. Find a fourth prc^ortional to 12, 28, atid 114. 

Set the first term, 12, on B, to the second term, 28, on 
A ; then against the third term 114 on B, stands 266 on A, 
which is the answer. 



TIMBER MEASURE. 



PROBLEM I. 

To find the supeificial content of a board or plank. 

Rule. Multiply the length by the breadth, and the pro- 
duct will be the area. 

Note. When the plank is broader at one end than at the other, add 
both ends together, and take half the sum for a mean breadth. 
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BY THE CABFENTEB's BULE. 



Set 12 on B, to the breadth in inches on A ; then against 
the length in feet, on B» will be found the superficies on A, 
in feet. 

1. If a board be 12 feet 6 inches long, and 2 feet 3 inches 
broody how many feet are contained in it ? 

12 . 6 12-5 

2.3 ^-25 



25.0 
3.1.6 


625 
250 
250 


28 . 1 . 6 An$. 


28-125 Ans. 



BT THE CABFENTEBS' BUI«E. 



As 12 on B : 27 on A :: 12-5 on B : 28*125 on A. 

2. What is the value of a board whose length is 8 feet 6 
inches, and breadth 1 foot 3 inches, at 5d, per foot ? 

Ans. 49^ 5d. 

3. What is the value of a board whose length is 12 feet 
9 inches, and breadth 1 foot 3 inches, at Sd, per foot ? 

Ans> 6s. l^d. 

4. What is the value of a plank whose breadth at one end 
is 2 feet, and at the other end 4 feet, at 6d. per foot, the 
length being 12 feet ? Ans. ISs. 

5. How many square feet in a board, whose breadth at 
one end is 15 inches, and at the other 17 inches, the length 
being 6 feet ? Ans. 8. 

6. How many square feet in a plank, whose length is 20 
feet, and mean breadth 3 feet 3 inches ? Ans. 65. 

PROBLEM IL 

2b Jind ihe soUS eorUeni of squared or four'sided timber . 

Rule. Take half the sum of the breadth and depih in 
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the middle, (that is, the quarter girt,) square this half sum, 
and multiply it by the length for the solid content.* 

BT THE CAHFENTfiBS* RULE. 

As 12 on D : length on C :: quarter girt on D : the 
solid content on C. 

1. If a piece of squared timber be 3 feet 9 inches broad, 
2 feet 7 inches deep, and 20 feet long ; how many solid 
feet are contained tl^rein ? 

3.9 

2.7 



2)6.4 



3 . 2 quarter girt. 
3.2 



9.6 
6.4 

10.0. 4 square of the quarter girt. 
20 length of the piece. 

200 .6.8 solid content. 

BY THE CAUFBITTEBS' BULE. 

As 12 on D : 20 on C : : 38 on D : 200^ on C. 

2. A squared piece of timber is 15 inches broad, 15 
inches deep, and 18 feet long; how many solid feet does it 
contain ? 

Ans. 28^ feet, which is the accurate content, as the 
breadth and depth are equal. 

3. What is the solid content of a piece of timber, whose 
breadth is 16 inches, depth 12 inches, and length 12 feet? 

jins, 16 feet. 

• This nile» which is generaUy emplayed in practioek is lar firom being 
correct, when the breadth and depth difier materially from each other, 
and the timber does not taper. 
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RuuB II. Mvltiply the IMadth in the middle by the 
depth in the middle, and diat product by the length, for the 
solidity i'* 

4. The length of a piece of timber ifi 18 feet 6 indies; 
the breadths at the greater and less end 1 foot 6 inches, and 
1 foot 3 inches, and the thickness at the greater and less 
end 1 foot 3 indies, and 1 foot ; what is the solid content? 

1-5 1-25 

1-25 1 



2)2-75 2)2*25 



1*375 mean breadth. 1*125 mean depth. 

1*125 mean depth. 
1*375 mean breadth. 



1*546875 

18*5 length. 



■**• 



28-6171^5 solid content. 

BT THB SUniKO RDTE. 

B A B A 

As 1 : 131 :: 16^ : 223 the mean square. 

CD CD 
As 1 : 1 :: 223 : 14*9 quarter girt. 
CD DC 
As 18^ : 12 : : 14*9 : 28*6 the content. 

Note. When the piece to be measured tapers regolarly from one end 
to the other, either take the mean breadth and depth in the middle, or 
take the dimensions at both ends, and half their sum for the mean di- 
mension. This, however, though very easy in practice, is but a very 
imperfect approximation. 

When the piece to be measured does not taper regularly, but is thick 
in some parts and small in others, in this case take several dimennons; 

* This rule is correct when the timber does not taper ; but when the 
timber tapers considerably, and the breadth and depti!! are nearly equal, 
the rule is very erroneous. The measurer, therefbre, ought to consider 
the shape of the timber he is about to measure before he applies either 
of the above rules. 
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add them ail together, and diiidB «Mr anmbjihe anaber of diBMuiou, 
loiaken ; and use the quotient as the mean dimenaott. 

Rule III. Multiply the sum of the breadths of the two 
ends by the sum of the dqiths, to which add the product of 
the breadth and depth of each end ; -^ of this sum multiplied 
by the length, will give the exact solidity of any piece of 
squared timber tapering r^ulariy.* 

6. How many feet in a tree, whose ends are rectangles, 
the length and breadth of one being 14 and 12 inches, and 
the corresponding dimensions of the other 6 and 4 inches ; 
also the length 30^ feet ? 

14 12 12 X 14 = 168 

6 4 6x 4= 24 



20 16 



20 X 16 = 320 



512 square inches 



32 

= — square feet. 
•/ 

32 ■ • 2 *" 

Then ^ X -5- X 30^ = 18 ^^ feet, the solidity. 

6. How many solid inches in a mahogany plank, the 
length and breadth of one end being 81^ and 55 inches, 
the length and breadth of the other end 41 and 29^ inches, 
and the length of the plank 47^ inches ? 

jins. 126340-59375 cubic inches. 



PROBLEM III. 

Given </ie breadth of a rectangular plank in inches, to find 
how much in length will make a foot, or any other re- 
quired quantity. 

Rule. Divide 144, or the area to be cut off, by Uie 
breadtli in inches, and the quotient will be tlie length in inches. 

I ■"— ■ ■ — ■ - I ■ 1 1 ■ 1 1 I ■ I II I ' 1 1 _ _ 1 1 ■ _i j 

* Thia rule is correct, being that given for finding the solidity of the 
priflRiQid — which see. 

Let B and b be the breadths of the two ends, D and d the depths, and 
L the length; ^ (BD + (B + 6) X (D + d) +bd) X L = the 
tme solidity, as in the rule for the prismoid. 
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The Carpenters' mle in fumti^ied with a 0cale vhich an- 
swers the purpose of this rule. It is called a table of board 

measure, and is in the following form ; 



1 








5 





H 


6 


Inches. 


12 


6 


4 


3 


2 


2 


1 


I 


Feet. 


1 


2 


3 


4 


5 


6 


7 


8 1 Breadth. 



If the breadth be 1 inch, the length standing against it k 
12 feet; if the breadth be 2 inches, the length standing 
against it is 6 feet ; if the breadth be 5 inches, the length is 
2 feet 5 inches, &c. 

When the breadth goes beyond the limits of the table on 
the rule, it must be shut, ana then you are «to look for the 
breadth in the line of board measure, which runs along the 
rule from the table of board measure, and over against it on 
the opposite side, in the scale of inches, will be found the 
length required^ For example, if the breadth be 9 inches, 
you will nnd the length against it to be 16 inches; if the 
breadth be 1 1 inches, the length will be found to be a little 
above 13 inches. 

1 . If a board be 6 inches broad, what length of it will 
make a square foot ? Am* 2 feet. 

2. If a board be 8 inches broad, wittt length of it will 
make 4 square feet ?. Ans. 6 feet. 

3. If a board be 16 inches broad, what length of it will 
make 7 square feet ? Ans, 5^ feiBt. 

When the board is broader at one end than at the other, 
proceed according to the following 

Rdi«e. To the square of the product of the length, and 
narrow end, add twice the continual product of these quan- 
tities, viz. the length, the difference between the breadths of 
the ends, and the area of the part required to be cut off ; 
extract the square root of the sum ; from the result deduct 
the product of the length and narrow end, and divide the 
remainder by the difference between the breadths of the 
ends.* 



* See Appendix, DemoDstration III. 



1$S 



If it were required to cut off 60 square ioehes fiom the 
smaUer ead of a boacd, A D bdng B inchea, C £ 6 indiesy 
and A B 20 inches. 




1 



HereAjr = jg^ (v^{(ABxAD)« +4BCxAB 

X 60} — ABxAD) = i(^ {(20X 3)* + 6 X 20X 60} 
— 20 X 3) = 14-64, the length required. 



PROBLEM IV. 

To find kow nhich in length ttnii make a solid /ooiy or any 
oi^ required quantify, of squared iifnber, of equai di* 
mmmone from end to end. 

Rule. Divide 1728, the solid inches in a foot or the 
solidity to he cut off, hy the area of the end in inches, and 
the quotient will be the end in inches. 

1. If a piece of timber be 10 inches square, how much 
in length will make a solid foot ? 

10 X 10 z= 100 the area of the end ; then 1728 -r- 100 
= 17-28 ^4n*. 

2. If a piece of tiniber be 20 indiea broad, and 10 inches 
deep, how much of it will make a solid foot? « 

Am. 8^$- inches. 

3. If a piece of timber be 9 inches broad, and 6 inches 
deep, how much of it wiU make 3 solid feet ? Ant. 8 ft. 



TIHBKR McAdimc; 
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On some Carpenters' rules, there is a table to answer the 
purpose of the last rule ; it is called a Table of Timber, and 
is in the following form : 





















11 


3 


9 


Inches. 


144 


36' 


i6 


9 


i 


4 


2 


2 


1 


Feet. 


1 


2 


3 


4 


6 


- 6 


7 


8 


9 


Side of square. 



PROBLElfV. 
To find the solidify qfroufid or unsquared timlkr. 

RuuB I. Gird the piece of timber to be measured round 
the middle with a string, take \ part of the girth, and square 
it, and multiply this square by the length for the solidity. 



BY THE SlilDINO BUUS. 

As the length on C : 12 or 10 on D :: quarter girt, in 
12th8. or lOths on D : content on C. 

NoU» "When tlie tree is Tory irregular» divide it into seTeral lengths 
and find the solidity of each part separately; or add aU the girts to^pether, 
and divide the sum by the number of them. 

1. Let the length of a piece of round timb^ be 9 feet 6 
inches^ and its mean quarter girt 42 inches; what is its 
content ? 



3*5 quarter girt. 
3*5 


^3.6 quarter girt. 
3.6 


12-25 
9*5 length. 


10.6 
1.9 


116 375 content. 


12.3 
9 . 6 length. 

110.3 
6.1 .6 



116 . 4 . 6 content. 
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BT THE SUDINO BULE. 

As 9-5 on C : 10 on D :: 35 on D : 116^ on C 
Or 9-5 : 12 :: 42: 116J 

Rule IL Multiply the area corresponding to the quarter 
girt in inches, by the length of the piece in feet, and the 
product will be the solidity. 

Note. It may sometimes happeo that the quarter girt exceeds the 
limits of the table, in this case, take half of It, aftd four times the con- 
tent thu« found will give the required content 



A TABLE FOR MEASURING TIMBER. 



Quatter, 

OIBT. 


ABBA. 


Quarter 

OIBT. 


ABBA. 


Quarter 

GIBT. 


ABBA. 


Inches. 


Feet. 


Inches. 


Feet. 


Inches. 


Feet. 


6 


•250 


12 


1000 


18 


2-250 


6i 


•272 


12i 


1042 


m 


2-376 


1 


•294 


124 


1085 


19 


2-506 


•317 


12| 


M29 


19* 


2-640 ' 


7 


•340 


13 


M74 


20 


2-777 


7i 


•364 


13i 


1^219 


20{ 


2-917 


H 


•390 


18* 


1^265 


21 


8062 


7} 


•417 


13} 


1-313 


2H 


3'209 


6 


•444 


14 


1-361 


22 


3-362 


8* 


•47-2 


14i 


1-410 


22* 


8-5] 6 


^ 


•501 


14* 
14| 


1-460 


23 


8-673 


•531 


1-511 


23* 


3-835 


9 


•562 


. 15 


h562 


24 . 


4-000 


9^ 


•594 


m 


1-615 


24* 


4-168 • 


n 


•626 


I5i 


1-668 


25 


4*340 : 


•659 


15J 


1*722 


25* 


4-516 ' 


10 


•694 


16 


W77 


26 


4-694 


lOJ 


•730 


\^ 


1-833 


26* 


4-876 


104 


•766 


164 


1-890 


27 


5-062 


10} 


•803 


I6i 


1948 


27* 


5-252 


11 


•840 


17 


2-006 


28 


5-444 


Hi 


•878 


I7i 


2^066 


28* 


5-640 


lU 


•918 


17*- 
17| 


2-126 


29 


5-840 


>•* 


•959 


2187 


29* 


6-044 
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2. If a piece of round timber be 10 feet long, and the 
quarter girt 12^ inches ; required the soUdity ? 

Am. 10-8&. 

To find the solid content by this table, look for the quarter 
girt 12^, in the column marked, Quarter Girt, and in a^oin- 
ing column marked, Area, will be found 1*085, which mid- 
tiplied by the length, 10 feet, will give 10*85 feet for the 
solid content. 

3. Apiece of round timber is 20 feet long, and the quarter 
girt 14^ ; how many feet are contained therein ? 

Ans. 28*2 feet. 

4. How many solid feet are contained in a tree 40 feet 
long, its quarter girt being 9 inches ? Ans* 22'48. 

5. How many solid feet in a tree 32 feet long, its quarter 
girt being 8 inches ? Aru. 14*208. 

6. Ho\f many solid feet in a tree 8^ feet long, its quarter 
girt being 7^ inches ? Am. 3*315 feet. 

7. Required the content of a tree, whose length is 40 
feet, and quarter girt 27^ inches. Am, 210*08 feet. 

S. What is the content of a tree, whose length is 30 feet 
6 inches, and quarter girt 27^ inches ? Am, 160*186 feet. 

9» Required the content of a piece of timber, whose 
length is 25 feet 9 inches, and quarter girt 12| inches. 

Am. 29*071 &et. 

10. What is the solid content of a piece of timber, whose 
length is 12 feet, and quarter girt 13^ inches ? 

Am. 15*18 feet. 

11. What is the solid cotitent of a piece of timber, whose 
quarter girt is 14f inches, and length 38 feet ? 

Am. 57*418 feet 
When the square of the quarter girt is multiplied by the 
length, the product gives a result nearly ^ less than the true 
quantity in the tree. This rule, however, is invariably prac- 
tised by timber merchants, and is not likely to be abolished. 
When the tree is in the form of a cylinder, its content ought 
to be found by Prob. IV. Sec. IV. which gives the content 
greater than that found by the last rule, nearly in the pro- 
portion of 14 to 11. Notwithstanding that the true content 
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is not found by neans of the square of the quarter girt, yet 
some allowance ought to be made to the purchaser on ac- 
covHit of the waste in squaring the wood so as to be fit for 
us)e. If die cylindrical tree be reckoned no more than what 
the inscribed square will amount to, the last rule, which is 
said to give too little, gives too much. When the tree is 
not perfectly circular, the quarter girt is always too great, 
and therefore the content, on that account, will be too great. 
Doctor Hutton recommends the following rule, which 
will give the content extremely near the truth : 

Rule* Multiply the square of i of the girt, or circum- 
ference by twic^ the length, and the product will be the 
content. 

BY THE SLIDING RULE. 

As double the length on C : 12 or 10 on D : : ^ of the 
girt, in 12ths or lOths on D : content on C. 

12. Required the content of a tree, its length being 9 feet 
6 inches, and its mean girt 14 feet ? 

ft. in. p. 
14-f.5=r2»8 = 2.9.7 = Jof the girt; then 

ft. in. 
2^8 9.6 2.9.7 

.2*8' 2 2.9.7 



i* ' f 



7-84 19 . 

19 



148-96 content 



5 


.7 


.2 






2 


. 1 


.2 


.3 






1 


.7 


.7 


. 1 


7. 


9. 


11. 


10 


. 1 










19 
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C D D C 

As 19 : 10 :: 28 : 149 content by the Sliding Rnle- 
Or 19 : 12 :: 33-6 : 149 content without it 

' Dr. GBBOORt reconunendft the following rules given by 
Mr. An<bews : 
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Let L denote the leng^ ef die tree in feet and decimab, 
and G the mean girt, in inches. 

Rule I. Making no allowance for bark. 

¥ C*t T f^2 

— rj = cubic feet, customary ; and -r^ =s cubic feet, true 
content. 

Rule II. Allowing ^ for bark. 

— -jr- = cubic feet, customary ; ^rrsr s: cubic feet, true 
content. 

Rule III. Allowing -^ for bark. 

LG« ^. ^ LG* ^. , 

-gjT = cubic feet, customary ; ^^ = cubic feet, true 

content. 

Rule IV. Allowing ^ for bark. 

LG* V r * LG« t. .. 

5=^ = cubic feet, customary ; jrrjj = cubic feet, true 

content. 

What is the solid content of a tree, whose circumibrence, 
or girt, is 60 inches, and length 40 feet ? 

JSy JRuk I. 

^yof^ — = "2^ cubic feet, customary* 

-— r= — = 79i cubic feet, customary. 

Btf Rfde IL 

40 X 602 

= 47'8o cubic feet, customary* 



3009 

40 X 60' 

2360 



= €1 cubic feet, true content. 
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J^ Rule ni. 

40 X 60* 

— 2qJ3 — — 50"6l cubic feet, customary. 

40 X 60* 

— 2oTi — ^ 64*54 cubic feet, true content. 

By Eule IV. 

40 X 60* ^„ ,^ ^. ^ 

— -.^^ = o2'47 cubic feet, customary. 

— ^. _- = 66*97 cubic feet, true content. 
2150 

When the two ends are very unequal, calculate its content 
by the rule given fof finding die solidity of the frustum of a 
cone, and deduct the usual allowance from the result. 

When it is required to £nd the accurate content of an 
irregular body, not reducible to any figure of which we 
have already treated, provide a cylindrical or prismatic 
vessel, capable of containing the sc^id to be measured ; put 
the solid into the vessel, and pour in water to cover it, mark- 
ing the height to which the water reaches. Then take out 
the solid, and observe how much the water has descended 
ia consequence of its removal ; calculate the capacity of the 
part of the vessel thus left dry, and it will evidently be equal 
to the solidity of the body, whose content is required. 



ARTIFICERS' WORK. 



Artificers compute their works by several different mea- 
sures : 

Glazing and masonry by the foot. 

Plastering, painting, paving, &c. by the yard of 9 square 
feet: 

Partitioning, roofing, tiling, flooring, &c. by the square of 
100 square feet. 

Brick work is computed, either by the yard of 9 square 
feet, or by the perch, or square rood, containing 272^ square 
feet, or 30^ square yards ; 272^ and 30^ being the squares 
of 16^ feet and 5^ yards respectively. 
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1. OF FLOORING. 

To measure joists, multiply the breadth, depth, and length 
together, for the content.* 

If a floor be 50 feet 4 inches long, and 22 feet 6 inches 
broad ; how many squares of flooring are in that room ? 

50-333 50 . 4 

22-5 22 . 6 



251665 1107.4 

100666 25 . 2 

100666 



100)1132-4925 



100)11,32.6 



11-325 



11*3249 squares. 



jins, 1 1 squares 32^ feet. 

2. If a floor be 51 feet 6 inches long, and 40 feet 9 inches 
broad ; how many squares are contained in that floor ? 

* Ans. 20*986 squares. 

3. If a floor be 36 feet 3 inches long, and 16 feet 6 inches 
broad, how many squares are contained in that floor ? 

Ans. 5 squares 98^ feet. 

4. If a floor be 86 feet 11 inches long, and 21 feet .2 
inches broad ; how many squares are contained in it ? 

Ans. 18-3972. 

5. In a naked floor the girder is 1 foot 2 inches deep, 1 
foot broad, and 22 feet long ; there are 9 bridgings, the 
scantling of each (viz. breadth and depth,) being 3 inches, by 
6 inches, and length 22 feet ; 9 binding joists, the length of 



* Joists receive various names from their position ; such as girders, 
binding-joists, trimming-joists, common-joists, ceiling-joists, &c. When 
girders and joists of flooring are designed to bear considerable 'weight, 
they should be let into the wall at each end about f of the thickness of 
the wall. 

H 
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each being 10 feet, and scantlings 8 indies by 4 inches ; the 
ceiling joists are 26 in number, each 7 feet long, and their 
scantlings 4 inches by 3 inches ;^ what is the solidity of 
the whole ? Ant, 85 feet. 

6. What would the flooring of a house three stories high 
come to, at £5 per square; the house measures 30 feet 
kM^, and 20 broad; diere are seven fire-places,* two of 
wfiid) measure, each 6 ^t by 4 ieet, two others, each € 
£set by 5 feet 6 inches ; two, each of 5 feet 6 inches by 
4 feet ; and the seventh 5 feet by 4 ; the well-hole for the 
stairs is 10 feet by 8 ? ^ns. £69 2s. 



OP PAETITIOKING. 

Partitions are measured by squares of 100 feet, 98 floor- 
ing ; their dimensions are taken by measuring from wall to 
waJl, and from floor to floor ; then multiply the length and 
height for the content in feet, which bring to squares by 
dividing 100, as in flooring. When doors and windows are 
not included by agreement, deductions must be made for 
their amount.'f 

1. A partition measures 173 feet 10 inches in length, and 
to feet 7 inches in height ; required the number of squares 
in it ? Ans. 18*3972 squares. 

'2. A partition between two rooms measures 80 feet in 
length, and 50 feet 6 inches in height ; how many squares 
in ft ? Ans. 40f squares. 

3. If a partition measure 10 feet 6 inches in length, and 
10 feet 9 inches in height; how many squares in it? 

Ans. 1 square 12^ feet. 

4. What is the number of squares 'in a partition, whote 
length is 50 feet 6 inches, and height 12 feet 9 inches? 

Ans. 6 squares 43 feet 10^ inches. 



* Fire-places, &c. are of course to be deducted. 
I The best jind strongest partitioDs are those made with fraaed*work: 
The king-posts are measured as roofing, the rest as flooring. 
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In ro«fii^, tiblb length g£ the esfters is equal to die length 
e£ a Btnng stcetcbea from the ridge down the raft<er ttil it 
meets the top of the wall. 

1*0 find the content, mahiply this length by the breadth 
and depth of the iaft;ers, and the result will be the content 
of one rafter ; and that multiplied by the number of them 
will give the ccmtent of all the rafters.* 

1, If a house within the walls be 42 feet 6 inches long, 
and 20 feet 3 inches broad; how many squares of roofing 
in that house ? 



ft. 

42-5 
20-25 


ft. in. 
42.6 
20.3 


2125 
850 
8500 


840 
6i 10.1 
3i 10.7 


860-625 flat. ' 
430-3125 


860 . 8 flat 
430.4 


100)1290-9375 


100)1291 



12*91 squares. 12 : 91 squares. 

2. What cost the roofing of a house at 1 Is. per square ; 
the length within the walls being 50 feet 9 inches, and the 
breadth 30 feet ; the roof being of a true pitch ? 

-4w*. £12 11*. 2|^. 



* Workmen generally fake the flat and half the flat of any house, taken 
within the walls, to be the measure of the roof of the same house. 
This, however, is only when the roof is of a true pitch. The usual 
pitches are the commen, or true pitches, in which tiie rafters are } of the, 
breadth of the building ; the Gothic pitch' is when the length of the' 
principal rafters is equal to the breadth of die building ; the pediment 
pitch is when the perpendicular height is ^ of the breadth. 

When the covering of the building is to be plain tiles, or slates, the 
roof is generally of a true or common pitch ; the Gothic pitch is used, 
frJbeo the covering is of pantalei ; the pediment pitch is used, when the 
rpoC i»to be covered with lead. 
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3. What number of squares are oontMoed in a iioose, 
whose length within the walls is 40 feet, and breadth 18 
feet ; the roof being common pitch ? 

Afu, 10 squares and 80 feet. 

4. How. many squares in the roof of a building, the length 
of the house being 60 feet, and the length of the rafler 14 
feet 6 inches ? Ans. 17 squares and 40 feet. 

5. How many squares in a building, whose length is 50 
feet, and the length of the rafter 15 feet? 

Ans. 15 squares, 

6. How many squares in the roof of a building, whose 
length is 37 feet, the length of the rafler being 13 feet? 

Ans. 9 squares and 62 feet. 

7. How many squares in the roof of a bidlding, whose 
length is 70 fefet 6 inches, the length of the rafter being 14 
feet 6 inches ? Ans. 20 squares and 44^ feet. 

8. How many squares in the roof of a building, whose 
length is 50 feet, and the length of a string reaching across 
the ridge from eave to eave being 30 feet ? 

Ans. 15 squares. 

Note. All the timbers employed in roo6ng are measured like those 
used in flooring, except where there is a necessity of cutting out parallel 
pieces equal to, or exceeding 2^ inches broad and 2 feet long. In this 
ease tibe amount of the pieces so cut out must be deduet«l from the 
content of the whole piece found from its greatest scantlings. When the 
pieces cut out do not amount to the above dimensions, they are oon«- 
dered as useless, and therefore no deduction is to be made for (hem.* 




* In the above figure, K is called the king-post, and in ro^asiiriag 
the pieces cut out of it, the shortest length is to be taken. T B is called 
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10. Let the tie-beam T D be 36 feet long, 9 inches 
broad, and I foot 2 inches thick; the king-post K 11 ieet 
6 inches high, 1 foot broad at the bottom, and 5 inches 
thick ; out of this post are sawn two equal pieces from the 
sides, each 7 feet long and 3 inches broad. The braced 
B, B, are 7 feet 6 inches long, and 5 inches by 5 inches 
square; the rafters R R, are 19 feet long, 5 inches broad, 
and 10 inches deep; the struts SS, are 3 feet 6 inches 
long, 4 inches broad, and 6 inches deep ; what is the mea* 
surement for workmanship, and also for materiak ? 

ft. in. p. 

31 * 6 • solidity of the tie-beam T D. 

4 . 9*6 solidity of the king-po^t K. 

2.7.3 solidity of the braces B B. 
13 . 2.4 solidity of the rafters R R. 
M . 8 solidity of the struts S S. 



53 . 0.0 solidity .for workmanshipu 
1 . 5.6 solidity cut from the king-post 



51 • 7.3 solidity for materials. 



OF WAmsCOTTIHO. 

WainsoottiDg is measured by the yard squai^^ which is 9 
square feet 

In taking the dimensions, the string is made to ply cfese 
over the cornice, swelling panels, moulding, &c. The 
height of the room from the floor to the ceiling being ttius 
taken, is one dimension, fmd the compass of the room taken 
all round the floor is the second dimension. 



*^F**** 



the tie-beam, which prevents the raften R R from preasiog out the mlL 
The braces B B serve to strengthen the rafters ; the struts S S serve tor 
a similar purpose. Besides strengthening the rafters, the braces and stniti 
serve to bind the roof together. When head-jroom is requind^ the 
raften. are bmoed simply by B R. 



150 GA&PBimB9' ANB ^omS9' WOWb 

Doony wmdow8» shuttert, ftc. where both their ridcft'are 
planed, are considered as work and half; therefore in jnea^ 
suring the room, they need not be deducted ; but the feuper* 
ficial content of the whole room found aa if tihere were no 
door, window, &c. ,, then the contents of the doors md win- 
dows must be found, and half th^eof added to the content 
of the whole room. 

When there are no shutters, the content of the windows 
nxtist be deducted; cliimneys, window-seats, check-boardB, 
sopheta-boards, linings, isc. Must be mei|sured by them- 
selves. 

Windows are scHaaethnes valued f(t so much per window* 
and sometimes by the superficial foot. The .dimensions of a 
window are taken in feet and indies, from the under side of 
the sill to the upper side of the top-rail ; and from the outside 
to outside of the jambs. 

When the doors are panelled on both mdes, take double 
the measure for die workmanship. 

For the surroun^ng architrave, girt round it 'and inside 
the jambs, for one dimension, and add the length of the 
jambs to the length of the cap-piece, (taking the breadth of 
the opening for uie length,) for the other dimension. 

Weather-boarding is measured by the yard square, and 
sometimes by the square. 

Frame-<lo(ani are measuDed by the fbot, or sdmedines by 

the yard square. 

, Staircases are measured by the fbot si^i^ciaL The 
diRiensions are taken with a string passing over the riser aad 
tread for one dimensiont and the length of the step to- the 
othefT. By the length of the step is meant the length of the 
front and the returns at the two ends. 

For the balustrade, take the whole length of the upper 
part of the hand-i*ail, and girt it over its end till it meet the 
top of the newel-post, for one dimension ; and twice the 
•jenjgtli of the bahister upoif tiie landing, with the girt of £be 
hand-railj for the other dimension. 

.IVfodiUian .coraicei» coves, &c. are general^ measuited by 
the foot superficial. ... 
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Beads, stops, astragals, copings, fillets, boxangs to win- 
dows, skirting-boards, and water-trunks, are paid for by 
lineal measure. 

Frontispieces are. measured by the foot superficial, and the 
architrave^ firieze, and cornice, are measured separately.* 

To find the contents of the foregoing work, multiply the 
two corresponding dimensions together for the superficial 
content. 

1. A room, or wainscot, being girt downwards over the 
mouldings, measures 12 fl. 6 in. and 130 fl. 9 in. ii> com- 
pass ; how many yards does that room contain ? 
fl. in. fl. 

130 . 9 130-75 

12.6 12-5 



1560 






65 


.4 


.6 


6. 


.0 


.0 


3. 


,0, 


.0 


9)1634 


.4 


.6 


181 . 


5 Ant. 


• . 







65375 
26150 
13075 

9)1634-375 fl. 

181 yards, 5 fl. 



* Beltuteir is a small column or pillar, used for balustrades. 
> -BaliiBtiftde is a row of balusters, joined by a rail; serving for a rest to 
the arai^ .or as an indodore to balconies, staircases, altars, &c. 

Gomioe is the third and uppermost part of the entablature of a column, 
or the uppermost ornament o/ any wainscotting, &c. 

Bead is a round moulding carved like beads in necklaces. There it 
also a kind of plain bead, often set pn the edge of each fascia of an archi- 
trave, on the upper edge of skirting-boards, on the lining-board of a 
door-case, &c. 

Architrave is that part of a column that bears immediately on the 
capital. It is supposed to represent the principal beam in timber build- 
ings, in which it is sometimes c^ed flie master-piece, or reason-piece. 
In chimneys it is called the mantel-pieoe. Anjiitrave doors are those 
which have an aichitrave eta the jamba and over tlie doors. An4»tiavc 
windows of timber are usually nuBed out of th« solid timber, and 9osBif^ 
times the mouldings are struck and laid on. 

Astragal is a small round mouldingi encompassing the top of the shaft, 
of a oahimn, Hke a ring or braoefet. The shaft terminates at the lop 
with an astragal, and at bottom with a fillet^ which in this place it cslM 
azia. 
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2. If the wainscot of a room be 15 f);.6 in. high, and the 
compass of the room 142 ft. 6 in«; how many yards are' 
contained in it ? Ans, 245-^ yards 

3. If the window-shutters about a room be 60 ft. 6 in. 
broad, and 6 ft. 4 in. high ; how many yards are contained 
therein, at work and a-half ? ' Ans. 63|^ yards. 

4. A rectangular room measures 129 feet 6 inches round, 
and is to be wainscotted at 3s. 6d. per square yard ; after 
due allowance for girt of cornice, &c. it is 16 feet 3 inches 
high ; the door is 7 feet by 3 feet 9 inches ; the window 
shutters, two pair, are 7 feet 3 inches by 4 feet 6 inches ; 
the cheek-boards round them come 15 inches below the 
shutters, and are 14 inches in breadth ; the lining-boards 
round the doorway are 16 inches broad: the door and win- 
dow-shutters being worked on both sides, are reckoned as 
work and half, and paid for accordingly ; the chimney 3 feet 
9 inches by 3 feet, not being enclosed, is to be deducted 
from the superficial content of the room. The estimate of 
the charge is required. Ans. £43 4«. 6|(/. 

5. The height of a room, taking in the cornice and mould- 
ings, is 12 feet 6 inches, and the whole compass 83 feet 8 
inches ; the three window-shutters are each 7 feet 8 inches 
by 3 feet 6 inches, and the door 7 feet by 3 fefet 6 inches ; 
the door and shutter, being worked on both sides^ are 
reckoned work and a-half» Required the estimates at €s. 
per square yard.: Am. £36 12«. 2j^. 



OF BRICKLAYERS' WORK. 



OF TILINOi, OR SITTING. 

Tiling and slating are measured by the square of 100' 
feet. There is no material difference between the method 
employ^ for finding the estimate of roofing and tiling; 
bricklayers sometimes require double measure for hips and, 
valleys. • . 
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When gutters are allowed double measure, the usual mode 
is to measure the length along the ridge tile, and add it to 
the contents of the roof: this makes' an allowance of one 
foot in breadth along the hips or valleys. Double measure 
» usually allowed for the eaves, so much as the projector is 
over the plate, which is generally 18 or 20 inches. 

When skylights and chininey-shafU are not large, no 
allowance is to be made for them ; but when they are large, 
their Unount id to be deducted* 

1. There is a roof covered with tiles, whose depth on both 
sides (with the usual alk>wance at the eaves) is 30 feel 6 
inches, and the length 42 feet ; how many squares of tiling 
are contained therein ? 

ft* in* ft* 

30 . 6 30-5 

42 42 



1260 610 

21 1220 



100)1281 100)12,810 



■*•" 



12 . 81 12 squares, 81 feet. 

2. There is a roof covered with tiles, whose depth on 
both sides (with the usual allowance at the eaves) is 40 feet 
9 inches, and the length 47 feet 6 inches ; required the num» 
ber of squares contained therein. 

' Ans. 19 squares 35^ feet. 

3. What will the slating of a home cost at £1 6s. 6d. 
per square ; the length being 43 feet 10 inches, and the 
breadth 27 feet 5 inches, 6n the flat ; the eaves projecting 
16 inches on each side-->true pitch* Ans. £24 9^. 5^. 

4. What is the contehi of a slated roof, the length being 
45 foet 9 inches, and the whole girt 34 feet 3 tnchek ? 

Ans. 174-104 yardff. . 
H 5 
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. Brick-work is estimated at the rate of a brick and a-ha]f 
thick ; 80 that if a wall be more or less than the standard 
thickness, it must be reduced to it : thus, multiply the super- 
ficial content of the wail by the number of half bricks in 
the thickness^ and divide the product by 3. 

The superficial content is found by multiplying the length 
by the height. Bricklayers estimate their work by the rod 
of 16^ feet, or 272^ square feet. Sometimes 18 feet are 
«lk9weld to the rod ; fiiat is, 324 square fbet ; sometimes the 
work is measured by the rod of 21 feet long, and 3 feet 
high: that is, 63 square feet: in this case, no regard ift 
paid to the thickness of the wall in measuring ; but the priise 
is regulated according to the thickness. 

When a piece of brick-w(»'k is to be measured, the first 
thing to be done is to ascertain which of the above measures 
is to be employed ; then, having multiplied tlie length and 
breadth together (the dimensions being feet) the product i^ 
to be divided by tiie proper divisor, namely, 272*25 ; 324 ; 
or 63 ; according to the measure of the rod, and the quo- 
tient will be the fneasnre in square rods of that measure. 

To measure any arched way, arched window, or door, 
&C., the height of the window, or door, from the crown or 
middle of the arch, to the bottom or sill, is to be taken ; and 
likewise from the bottom or sill to tie spring of the arch ; 
that is, where the arch begins to turn. Then to the latter 
height add twice the former, and multiply the sum by the 
breadth of the window, door, &c. and one-third of the pro- 
duct will be the area sufficiently near the truth for practice. 

1. If a wall be 72 feet 6 inches long, and 19 feet 3 inches 
high, and 5 bricks and a-half thick ; how many rods of 
briuk-work are contained therein, when reduced to the 
standard ? 

iVbfo. The gtandard meoos a wall a biiok and a*half duck s there- 
fore, to reduce any wall to the atandaid, multiply the supeificial ooDtent 
of it by the number of half bricks in its thickness, and divide bj S. 
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ft. 


in. 




72 


.6 




19 


.3 




648 






72 






18. 


,1 . 


6 


9. 


6. 






1395 .7.6 
11 

3)15351 . 10 . 6 



272)5117(18 rods. 
2397 



68)221(3 quarters. 
17 feet. 

N&U. That 68*06 is the fourth part of 272-26, and 68 is onciburtli 
of 272. 

In reducing feet into rods> it is usual to divide 272, re- 
jecting the decimal '25. By this method, the answer found 
above is about 4^ feet too much. 

2. How many rods of standard brick-work are in a wall 
whose length is 57 feet 3 inches, and height 24 feet 6 
inches i the wall being 2j^ bricks thick ? 

Atis. 8*5866 rods. 

3. The end wall of a house is 28 feet 10 inches long, 
and 55 feet 8 inches high to the eaves, 20 feet high is 2| 
bricks thick, another 20 feet. high is 2 bricks thick, and 
the remaining 15 feet 8 inches is 1^ bricks thick, above 
which is a triangular gable one brick thick, which rises 42 
courses of bricks, of which every 4 courses make a foot. 
What is the whole content in standard measure ? 

Ans. 253^2 yards. 
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OF CHIMNEYS. 

When a chimney stands by itself, without any party-wall 
being adjoined, take the girt in the middle for the length, 
and the height of the story for the breadth; the thickness 
is to be the same as the depth of the jambs ; if the chimney 
be built upright from the mantel-piece to the ceiling, no 
deduction is to be made for the vacancy between the floor 
(or hearth) and mantel-tree, on account of the gatherings of 
the breast and wings, to make room for 'the hearth in the 
next story. 

When the chimney-back forms a party-wall, and is mea- 
sured by itself, then the depth of the two iambs is to be 
measured, and the length of tlie breast, for a length, and the 
height of the storey for the breadth ; the thickness is the 
same as the depth of the jambs. That part of the chimney 
which appears above the roof, called the chimney-shaft, is 
measured by girding it round the middle for the lengtli, and 
the height is taken tor the breadth. 

In consideration of plastering and scaffolding, the thick- 
ness is generally reckoned half a brick more than it really ^ 
is ; and in some places double measure h allowed, on aC" 
count of extra trouble. 

1. Let the dimensions of a chimney, having a double 'v 
funnel towards the top, and a double shaft, be as follows, 
viz., in the parlour, the breast and two jambs measure 18 
feet 9 inches, and the height of the room is 12 feet 6 
inches ; in the first floor, the breast and two jambs girt 14 
feet 6 inches, and the height 9 feet ; in the second floor, the 
breast and the jambs girt 10 feet 3 inches, and the height 
is 7 feet ; above the roof, the compass of the shaft is 13 feet 
9 inches, and its height 6 feet 6 inches ; lastly, the length 
of the middle partition^ which parts the funnel, is 12 feet, 
and its thickness I foot 3 inches ; how many rods of brick- 
work, standard measure, are contained in the cliimney, 
double measure being allowed, and thickness 1^ brick ? 



IsC. 


ft. ifl« 

18.9 
12.6 


masons' iroM. \67 

ft. In. p< 
5th. 1 . 3 . 
12 




225.0 

.9.4.6 


15 . partition* 
234 . 4 . 6 parlour. 
130 .6.0 first floor. 




234 . 4 . 6 

ft.- in. 
14.6 , 
9 

130.6 

ft in. 
10.3 

7 


71.9*0 second floor 
89 . 4 . 6 shaft. 


2nd. 


541 .0.0 sum. 
2 




272)1082 .0.0 double. 


Srd. 


68)266(3 rods 3 quarters 
62 feet. 


4th. 


71 .9 

ft. in. 

13.9 
6.6 


• 




82.6 
6. 10.6 





89. 4.6 

Ans, 3 rods, 3 quarters, and 62 feeti 



MASONS' WORK. 

To masonrj bd6ng all sorts df stone-ivoi4c. The work 
is sometimes measured by the foot solid, sometimeji by the 
toiA in length, and somedmea by the foot superficial* Maisons, 
in taking dimensions, gin idl their mouldings, in the same) 
mannei' as joinefs* 
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Walb, ccjumos, blocks of stone or marUe,. ftc, are mea- 
sured by the solid foot» and pavements, slabs, chUnney-piecea, 
&c. by the square foot. 

In estimating for the workmanship, square measure is 
generally used, but for the materials, solid measure. 

In the solid measure, the length, breadth, and thickness, 
are multiplied together. 

In the superficial measure, there must be taken the length 
and breadth of every part of the projection, which is seen 
without the general upright face of the building. 

1. If a wall be 82 feet 9 inches long, ^20 feet 3 inches 
high, and 2 feet 3 inches thick ; how many solid feet are 
contaitied in that wall ? 

ft. in. ft. 

82 . 9 82-75 

20 . 3 20-25 







1640 






3 


:i^ 


i 20 


.8, 


.3 


6 


i^ 


:: 10 


.3 


.0 


3 


^■~ 


1 5 


.0 


.0 




1675, 


.8, 


3 






2. 


.3 






3351 . 


4. 


6 


3 


^^ 


i 418. 


11 


.01 



41376 
16550 
165500 

1675-6875 
2-25 

83784375 
33513750 
33513750 

3770. 3.6J 3770-296875 -Aw. 

2. If a wall be 120 feet 4 inches long, and 30 feet 8 
inches high ; how many superficial feet are contained therein? 

Ana. 3690f feet. 

3. If a wall be 112 feet 3 inches long, an.d 16 feet 6 
inches hish; how many superficial rods of 63 ^square £eet 
are oontamed therein ? Ans. 29 rods 25 feet. 

. 4« What is the value of a marble slab at 8$. per foot, the 
length being 5 feet 7 inches^ and breadth 1 foot 10 inches ? 

An»*M It. lOj^ 



f, 



Uft 



PLASTERERS' WORK. 

FliMteren' wof k is of two kinds, vias. ceiUng, wbicii » 
pbsterixig. upon lai;hB ; land rendering, which is plastering 
upon walls. These are measured separately. 

The content is sometimes estimated by the foot) sottietimes 
by.'the yard? and jlgmetimes by the sqiuu-e of 100 feet. £n- 
ridied mouldings are calculated by the running foot or yard. 

DeducUons are made for chimneySy doors» windows, Sae^ . 

In plastering timber partitions, where several of the krg^ 
braces and other large timbers project from the plastering, a 
fifth is usually deductedv 

Whitening and Colouring are measured in the same manner 
as plastering. In timbered partitions, one-fourth, or one- 
fifth of the whole area is usually added, to compensate for 
the trouble of colouring the sides of the quarters and braces. 

In arches, the girt round them is multiplied by the length 
for the superficial content. 

1. If a ceiling be 40 feet 3 indies long, and 16 ib^ 9 
inches broad ; how many square yards ccmtaiaed therein ? 

ft. in« ft. 

'40.3 40-26 

16 . 9 16-75 




640 20125 

20.1.6 28175 

10 . . 9 24150 

4.0.0 4025 



.*'*• 



9)674.2.3 9)674-1875 

Am. 74 yards 8 feet. An$. 74*9097 yards. 

2. The length of a room is 14 feet 5 inches, breadth 13 
feet 2 inches, and height 9 feet 3 inches to the under side of 
the cornice,^ which projects 5 inches fi'om the wall, on the 
upper part next the ceiling ; required the quantity of render- 



■ ..t v 



* Cornices, festooD% &c. are put on after the rooni is plastered, and 
are not, of course, taken into accoimt by the plasterer. 
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ing and plastering, there being no dednction but for one 
door, which is 7 feet by 4 ? 
Ans* 53 yards 6 feet of rendering, 16 yards 5' feet of ceiling. 

3. The circular vaulted roof of a church measures 105 
feet 6 inches in the arch, and 275 feet 5 inches in length ; 
what will the plastering come to at If. per yard ? 

Ans. 161 Si. Sfd. 

4. The length of a room is IS feet 6 inches, the breadth 
12^ feet 3 inches, and height 10 feet 6 inches ; to how much 
amounts the ceiling and rendering, the former at QtL itnd the 
ktter at 3d. per yard ; allowing for the door of 7 feet by 3 
feet 8, and a fire-place of 5 feet square ? 

Am. £1 13#. 3d. 



PLUMBERS' WORK. 

Plumbers' work is rated by the pound, or by the hundred 
weight of 1 12 lbs> Sheet lead, used in roofing, guttering, Stc^ 
weighs from 6 to 1^ pounds per square foot, according to the 
thickness ; and leaden pipes vary in weight per yard, accord- 
ing to the diameters of the bore. 

The following table shows the weight of a square foot o^ 
sheet lead, according to its thickness ; and the common 
weight of a yard of leaden pipe according to the diameter of 
its bore. 



-<m ' 



Thickness 
of lead. 



ladu- 



^tftmMi^ 



Pounds to a 
square foot. 



6-899 
6-554 
7-373 
6-427 
9-831 
1 1-797 



Bore of 
leaden pipes 



■« 



Of 

I 

It 
.1 



ii. 



Pounds 
per yard. 



10 
12 

16 
18 
21 
24 



1. ■ »..II. H W. 



I. A ptece of sheet lead measures 120 feet 6 inches in 
length, and 7 feet 9 inches in breadth ; what is its weight at 
8^Ib. to the square foot ? 

fl. in. £^4 

20 .6 20-5 

7 . 9 7-75 



143 . 6 1025 

16.4 .6 1435 



158.10.6 



1435 



158-875 



4271-000 

39-719 

■■ ct» qr. Id* 

112)1310-719(11 . 2 • 22| nearly. 
112 



190 
112 



28)78(2 
56 



22 

2. What weight of lead ^^j of an inch thick will cover a 
flat, 15 feet 6 inches long, and 10 feet 3 inches broad, the 
lead weighing 61b. to the square foot ? 

Ana. 8cwU 2qrs. l:^lb. 

3. What will be the expense of covering and guttering a 
roof with lead, at I8s. per cwt. ; the length of the roof 
being 43 feet, and the girt over it 32 feet ; the guttering 
being 57 feet in length, and 2 feet in breadth, allowing a 
square foot of lead to weigh 8ilb. ? 

Am. £l(A Ut^^d. 
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44 What will be die expense of 130 yards of leadeh pipe 
ef an inch and half bore» at 4cL par Ib^ admitting each y«d 
to weigh 181b. ? jJnt. £39- 



PAINTERS' WORK. 



Painters' work is computed in square yards. Every part 
is measured where the colour lies, and the measuring line is 
forced into all the mouldings and comers. Double measure 
is allowed for carved moulmngs, &c. 

Windows are done at so much a-piece. Sash-frames at 
a certain price per dozen ; sky-lights, window-bars, case- 
ments, &c. are charged at a certain price per piece* 

To measure ballustrades, take the length of the hand-rail 
for one dimension, and twice the height of the balluster upon 
the landing, added to the girt of the hand-rail, for the other 
dimension. 

No general rule can be given for measuring trellis-work ; 
but, however, double the area of one side is often taken for 
the measure of both sides. 

1. If a room be painted, whose height (being girt over 
the moulding) is 16 feet 4 inches, and the compass of the 
room 120 feet 9 inches ; how many yards of painting in it ? 

ft. in. ft 

120.9 210*75 

16.4 16-3 



1920 36225 

4=1—40.3 72450 

6 = 1 8.0 12075 

3 = 1- 4.0 

9)1968-225 



9)1972 . 3 



Ah9. 219 yardp 1 foot. 



Am, 218-691 yard*. 



2* A gendemiUi had a room ta be painled, its length 
being 24 feet 6 inches, breadth 16 feet 3 inches^ and heiffht 
12 feet 9 inches ; ako the size of the door 7 feet by 3 wet 
6 inches, and the size of the window-shutters to each of the 
windows, there being two, is 7 feet 9 inches by 3 feet 6 
inches ; but the breaks of the windows themselves are 8 feet 
6 inches high, and 1 foot 3 inches deep ; what will be the 
eiipense of jdving it three coats, at 2d. per yard each ; the 
size of the fire-place to be deducted, being '5 feet by 5 feet 
6 inches ? Ans. £3 3s I0|<2. 

3. The leneth of a room is 20 feet, its breadtii 14 feet 6 
inches, and height IQ fieet 4 inches ; how many yards of 
pamdng in it, deducting a fire-place of 4 feet by 4 feet 4 
inchesj and two window shutters each 6 feet by 3- feet 2 
inches ? Ans^ 73^ yiords. 



GLAZIERS' WORK. 

Glaziers take their dimensions either in feet, inches, and 
parts ; or feet, tenths, and hundredths. They compute their 
work in square feet. 

'Windows are sometimes measured by taking the dimen- 
sions of one pane, and multiplying its superficies by the 
number of panes. But generally they take the length and 
breadth of the whole frame for the glazing. Circular win- 
dows are measured as if they were square, takiilg for their 
dimensions, their greatest length and breadth.. 

1. If a pane of glass be 3 feet 6 inches and 9 parts long, 
and 1 foot 3 . inches and 3 parts broad ; how many feet of 
glass in jthat pane ? 

3.6.9 V . 3-56 

• 1-277 



1 


.3 


.3 


» 




3 


.6 


.9 






10 


.8, 


.3 








10 


.8. 


.3 



2492 
2492 
712 
356 

^iw.4 .6,3.11 .3 -^ '—' 

jins. 4-54612 feel. 
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8. If there be 10 pftneft of glasB, each 4 feet S'inchee 9 
parts long, and 1 foot 4 inches and S parts broad ; how many 
feet of glass are contained in the 10 panes? Ana. 64*0407. 

3. There are 20 panes of glass, each 3 feet 6 inches 9 
parts long, and 1 foot 3 inches and 3 parts broad ; how many 
feet of glass are in the 20 panes ? Ans. 90*9224 ft. 

4. If a window be 7 feet 6 inches high, and 3 feet 4 
inches broad; how many square feet of glass contained 
therein ? Ans* 25. 

5. How many feet in aa elliptical &n4ight of 14 feet 6 
inches in length, and 4 feet 9 inches id breacUfa ? 

^«9. 68 feet 10 inches. 

6. What will the glazing of a triangular sky-light come 
to at 20c?. $ the base being 12 feet 6 inches, and the perpen- 
dicular height 6 feet 9 inches ? Ans. £3 10#. 3^. 



PAVERS" WORK. 

Pavers' work is computed by the square yard ; and the 
content is found by multiplying the length by the breadth. 

I. What will be paid for paying a foot-path> at 4«. the 
yard, the length being 40 feet 6 inches, and the breadth 7 
feet 3 inches ? 



ft. in. 

40.6 

7.3 

283.6 
10 . 1 . 6 


ft;. 
40-5 
7-26 

2025 
810 
2835 


Am. 293 . 7 « 6 




Am. 293-625 feet. 



2. What will be the expense of paving a rectangular court- 
yard» whosef length is 62 feet 7 inches, and breadth 44 feet 
5 indies ; and in which there is a foot-path^ whose whole 



^ 
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length ift 62 feet 7 inches, and breadth 5 feet 6 inches, this 
at 3s* per yard, and the rest at 2«. 6d per yard ? 

Am. £39 11#. 3id[. 

3. What is the expense of paving a court, at 3s. 2d, per 
yard ; the length being 27 feet 10 inches, and the breadth ' 
14 feet 9 inches ? Ans. £7 4*. ^d. 

4. What will the paving of a walk round a circular bowl- 
iag'-green come to, at 2s. 4d. per yard,, the diameter of the 
bowling green being 40 feet, and the breadth of the walk 
5 feet? Ans.£9 3s.S^ 

5.. How many yards of paving in an elliptical walk 4 feet 
broad, the longer diameter being 60 feet, and shorter 50 ? 

Ans. 82-3797 yards. 



VAULTED AND ARCHED ROOFS. 

Arched roofs are either domes, vaults, saloons, or groins. 

Domes are formed' of arches springing from a circular, 
or polygonal base, and meeting in a point directly over the 
centre of that base. 

Saloons are made by arches connecting the side walls of 
a building to a flat roof, or ceiling. 

Groins are made by the intersection of vaulted roofe with 
each other. 

Vaulted roofs are sometimes circular, sometimes elliptical, 
and sometimes Gothic. 

Circular roofs are those of which the arch is a part of the 
circumference of a circle. 

Elliptical roofs are those of which the arch is a part of 
the circumference of an ellipsis. 

Gothic roofs are made by the meeting of two equal cir- 
cular arches, exactly above the span of the arch. 

Groins are generally measured like a parallelopipedon, 
and the content is found by multiplying the length and 
breadth of the base by the height. 
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2. What is the solid content of the vacuity A E B of a 
Grothic vault, whose span A B is 60 feet, the chord B O, or 
A O, of each arch 60 feet; the distance of each arch from 
die niddleof theehcrds as D£ =: 12 feet, and the lengtih 
of the vault 40 feet ? 

In this example, the triangle A B O is equi-lateral, and its 
area is ^ ABV 3 = 900 v^ 3 = 1557. Again, | (B O x 

^^>+ ^ = * <®^^ ^2) + 6^^ = ^^^ ^ "^ 
of segment O E B, and 494f X 2 = 988J the areas of the 
two segments O E B and O H A ; then (1557 + 988 J) x 
40 = 101832 the solidity required. 

Let M N K L represent a perpendicular section of a 
vaulted roof (Gothic). Tlie span A B is 60 feet, the thick- 
ness of the wall M A, or B L, at the spring of the arch = 4 
fe^t, the thickness O P at the crown of the arch =3 3, and 
the length of the roof = 40 feet, the chord A O or O B = 
60 feet, and the versed sine D E = 12 feet ; reqmred the 
solidity of the materials of the arch. 

First, V (A 02 — A C«) = ^ 60* — 30*) = 51-96 = 
S O the height of the vacuity of the arch, and S O + O P = 
51-96 + 3= 54-96 = SP; again, AB + MA+ BL = 
60^ 4 4*4 = 68 z= ML, and ML x S P = the aiea 
of the rectangle MNKL; hence, MLxSPx40 — 
101832, (the solidity of the vacuity A O B by the last 
Problem), gives the solidity of the materials ; that is, 
68 X 54-96 X 40 — 101832 = 47659-2 feet, the solidity 
required. 

N9U, Wben the arch A O B is an elliptical segment, its area BouHi- 
plicd by die length of the roof gives the solidity of && vacuity, and M L 
muttipUed by S P».aiid the product by the leiM;th of the arch, gives the 
solidity of die cubic figure whose end is M K K L ; and the differenee 
of the two solidities is the solidity of the mixed solid whose section is 
AMNKLBEOHA. The materials of a bridge may be ealci^ 
lated after die same manner, by adding the solidities of T,T, and of the 
battlements, to the solidity as found in this Problem. 

3. Required the capacity of the vacuity of an elliptical 
vault, whose span is 30 feet, Bsxd height 15 feet, the length 
of the vault being 90 feet. Jnt, 3180S-7 feet. 
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PROBLEM 11. 

To find the concave^ or eontfex surface of a dreular, 
elliptical^ or Gothic vaulted roof. 

Rule. Multiply the length of the arch by the length of the 
vault, and the product will be the superficies. 

Note. To find the length of the arch, make a line ply close to it, quite 
across from side to side. 

K What is the surface of a vaulted roof, the length of the 
ardi being 45 feet, and the length of the vault 140 feet ? 

140 X 45 = 6300 square feet. 

2. Required the surface of a vaulted roof, the length of the 
ardi being 40 feet 6 inches, and the length of the vault 1 00 
feet ? Am. 4050 feet. 

3. What is the surface of a vaulted roof, the length of the 
arch being 40*5 feet, and the length of the vault 60 feet ? 

Ans, 2430 feet. 

PROBLEM IIL 

To find the solidity of a dome^ having the height cmd the 

dimensions of its base given. 

Rule. Multiply the area of the base by the height, and 
f of the product will give the solid content.* 



-r*l»- 



* This rule is correct only in one case, namely, when the dome is half 
a sphere, and in this case the height is ^qual to the radius of the circular 
base. It is a well-known property that the solidity of a sphere is f of 
that of a cylinder having the same base and height But the solidity 
tif a cylinder is found by multiplying the area of its base by the height. 
Hence the reason of the rule, when applied to this particular case. No 
general rule can be given to answer every case, as some domes are drcH- 
IWi some elliptical, some polygonal, &c. ; they are of various heights, 
and their sides of different curvature. When the height of the dome is 
equal to the radius of its base, (the curved sides being circular, or ellip- 
tical quadrants,) or to half the mean proportional between the two axes of 
Hs elliptical base, the above rule will answer pretty well ; but with any 
othec dimensions it ought not to be used. 
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1. What is the solid content of a dome, in the form of a 
hemisphere, the diameter of the circular base being 40 feet ? 

40* X -7854 = 1256-64 = the area of base. 

I (1256-64 X 20) = I (25132-8) = 16755^2 Ans. 

2* What is the solid content of an octagonal dome, each 
side of its base being 20 feet, and the height 21 feet ? 

Ans. 27039'1917 cubic feet. 

3. Required the solidity of the stonerwork of an elliptical 
dome, the two diameters of its base being 40 and 30 feet, 
the height 17*32 feet, and the stone-work in every part 4 
feet thick. Ans. 9479*086848 cubic feet. 



PROBLEM IV. 

To find the superficial content of a dome^ the height and 
dimensions of its base being given. 

Rule. Multiply the square of the diameter of the base 
by 1'5708, and the product will be the superficial content.* 

For an elliptical dome, multiply the two diameters oi its 
base together, and the product resulting by 1'5708 for the 
superficial content, si]fficiently correct for practical pur- 
poses. 

1. The diameter of the base of a circular dome is 20 feet, 
and its height 10 feet ; required its concave superficies. 

20- X 1-5708 = 628*32 feet, the Ans. 

2. The two diameters of an elliptical dome are 40 and 30 
feet, and its height 17*32 feet ; required the concave surface. 

Ans. 1884*96 square feet. 

3. What is the superficies of a hexagonal spherical dome, 
each side of the base being 10 feet? Ans. 519*6152. 



* This rule is correct only when the dome is circular, and its height 
equal to the radius of the base.-.- See Appendix, Demonstration li2« 

I 
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PROBLEM V. 

To find live solid conient of a salobn* 

RuLG. Multiply the area of a transverse section by the 
compass or circumference of the solid part of the saloon, 
taken round the middle part. Subtract this product from the 
whole vacuity of the room, supposing the walls to go upright 
from the spring of the arch to the flat ceilikig, and the 
ditFerence will be the answer, as will appear evident from 
the following example. 

1. What is the solid content of a saloon with a circular 
quadrantal arch of 2 feet radius, springing over a rectan- 
gular room of 20 feet long and 16 feet wide. 



y K 




2« X -7854 =z 3-1416 = area of the quadrant C D A F. 
2x2-4-2 = 2= area of the triangle CDF; then 3-1416 
— 2 = M416 = area of the segment D A F. Now, 
2x2 = 4 = area of the rectangle C D E F ; then 4 — 
3-1416 = -8584 = area of the section D E F A D. 
V (2* + 2«) = v^ 8 = 2-8284271. 2x16 + 2x20 = 
72 = ehe compass within the walls. ^ (2-8284271 — 2) 
= -4142136 = E S and 2-8284271 : -4142136 : : 2 : -2928932 
s= E 3^ : hence 72 — (-2928932 X 8) = 69-6668544 = the 
circumference of the middle of the S(^id part ai tlw saloon ; 
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therefore 69-6568544 X -8584 = 59-79344381696 = the 
content of the solid part of the saloon. . 

. 20 X 16 = 320 the area of the room floor, and 320 X 2 
= 640 = the solidity of the upper part of the room ; then 
640 — 59-79344 = 580-20656 feet, the solidity of the 
saloon. 

2. If the height D E of the saloon be 3'2 feet, the chord 
D F 1= 4*5 feet, and its versed sine = 9 inches ; what is the ^ 
solid content of the solid part, the mean compass being 50 
feet? 

Ans, 138*26489 feet 



PROBLEM VL 

To find the superficies of a saioon. 

' Rule. Find its breadth by applying a string close to it 
across the surface ; find also its length by measuring along 
the middle of it, quite round the room ; then multiply these 
two dimensions together for the superficial content. 

1. The girt across the face of the saloon is 5 feet, and its. 
mean compass 100 feet; what is its superficial content? 

100 X 5 = 500, the answer. 

2. The girt Across the faciB of the saloon is 12 feet, and 
its mean compass 98 ; required its surface. 

Jns. 1176 feet. 



/• » 
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SECTION VIIL 



SPECIFIC GRAVITY. 



1. The specific gravity of a body is the relation which 
the weight of a given magnitude of that body has to the 
weight of an equal magnitude of a body of another kind. 

In this sense a body is said to be specifically heavier than 
another, when under the same bulk it weighs more than that 
other. On the contrary, a body is said to be specifically lighter 
than another, when under the same bulk it welg^ less than 
that other. Thus, if there be two equal spheres, each on« 
foot or one inch in diameter, the one of lead and the other 
of wood, then since the leaden sphere is found to be heavier 
than the wooden one, it is said to be specifically, or in specie, 
heavier, and the wooden sphere specifically lighter. 

2. If two bodies be equal in bulk, their specific gravities 
are to each other as their weights, or as their densities. 

3. If two bodies be of the same specific gravity or density, 
their absolute weights will be as their magnitudes or bulks. 

4. If two bodies be of the same weight, the specific 
gravities will be reciprocally as their bulks. 

5. The specific gravities of all bodies are in a ratio com- 
pounded of the direct ratio of their weights, and the reci- 
procal ratio of their magnitude. Hence, again, the specific 
gravities are as the densities, y 

6. The absolute weights or gravities of bodies are in the 
compound ratio of their specific gravities and magnitudes or 
bulks. 



SFSCIFIC GBAVirr. 173 

7. The magnitudes of bodies are directly as their weights, 
and reciprocally as their specific gravities. 

8. A body specifically heavier than a fluid, loses as much 
of its weighl^ when immersed in it, as is equal to the weight 
of a quantity of the fluid of the same bulk or magnitude ; 
if the body be of €qual density with the fluid, it loses all its 
weight, and requires no force but the fluid to sustain it. If 
it be heavier, its weight in the fluid will be only the difference 
between its own weight and the weight of the same bulk of 
the fluid ; and therefore it will require a force equal to this 
difference to sustain it. But if the body immersed be lighter 
than the fluid, it will require a force equal to the difference 
between its own weight and that of the same bulk of the 
fluid, to keep it from rising in the fluid. 

9. In comparing the weights of bodies, it is necessary to 
consider some one as the standard with which all other 
bodies may be compared. Rain water is generally taken as 
the standard^ it being found to be nearly alike in all places. 

A cubic foot of rain water is fofind, by repeated experi- 
ments, to weigh 62^ pounds avoirdupois, or 1000 ounces, 
and a cubic foot containing 1728 cubic inches^ it follows that a 
cubic inch weighs '036 1 6898 148 of a pound. Therefore if th« 
specific gravity of any body be multiplied by *036 16898 148, 
die product will be the weight of a cubic inch of that body 
in pounds avoirdupois ; and if this weight be multiplied by 
175, and the product be divided by 144, the quotient will 
be the wei^t of a cubic inch in pounds troy, 144 pounds 
avoirdupois being exactly equal to 175 pounds troy* 

10. Since the specific gravities of bodies are as their abso- 
lute gravities under the same bulk ; the specific gravity of a 
fluid will be to the specific gravity of any body immersed in 
it, as the part of the weight lost by the solid is to the whole 
weight. Hence the specific gravities of different fluids are 
as the weights lest by the same solid immersed in them. 
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PROBLEM I. 
To find the specific gravity of a bodff. 

Case L Whenthe^^is heainertlui»waier. 

Weigh the body first in water, and afterwards in the open 
Air, the difference will give the weight lost in water ; tnen 
say, as the weight lost in water is to the absolute weight of the 
body, so is the specific gravity of water to the specific gra- 
vity of the body. 

Case II. When the body is lighter than water. 

Fix another body to it, so heavy as that both may sink in 
water together, as a compound mass. Weigh the compound 
mass and the heavier body separately, both in the water aod 
open air, and find how much each loses in water, by taking 
its weight in water from its weight in the open air. Then 
say, as the difference of these remainders is to the weight of 
the lighter body in air, so is the specific gravity of wafeei', 

to the specific gravity of the lighter body. 

» 

Case III. For a fluid of any kind. 

• 

Weigh a body of known specific gravity both in the fluid 
and open air, and find the loss of weight, by subtracting* the 
weight in water firom the weight out of it. Then say, as 
the whole, or absolute weight, is to the loss of .weight, so 
is the specific gravity of the solid, to the specific gravity of 
the fluid. 

The usual way of finding the specific gravities of bodies 
is the following, viz. 

Oh otie arm of a balance suspend a globe of lead by a fine 
thread, and to the other arm of the balance fasten an equal 
weight sufiicient to balance it in the open air ; immerse the 
globe into the fluid, and observe what weight balances it 
then, by which the lost weight is ascertained, which is pro- 
portional to the specific gravity. 



Immerse the globe successively in alt the fluids whose 
proportional specific gravity you require, observing the 
weight lost in each ; then these weights lost in each will h^ 
the proportions of the fluids sought. 

Examples. — Cctse I. 

1. A piece of platina weighed 83*1886 pounds out of 
water, and in water only 79*5717 pounds ; what is its spe- 
cific gravity ; that of water being 1000? 

83-1886— 79-5717 = 3-6169 pounds, which is the weight 
lost in water: then 3-6169 : 83-1886 :: 1000 : 23000 the 
specific gravity, or the weight of a cubic foot of metal in 
ounces. 

2. A piece of stone weighed lOlb in the open air, but in 
water only 6Jlb ; what is its specific gravity ? 

i4w, 3077. 

JExamples.-^Cctse II. 

3. If a piece of elm weigh 151b in the open air ; and that 
,a piece of copper, which weighs 181b in open air, and I61b in 
water, is affixed to it, and that the compound wdghs ^b in 
water ; required the specific gravity of the elm. 

Copper, Comppund, 

18 in air. 33 

16 in water, 6 
*■ 

2 loss. ' 27 ' 

2 

As 25 : 15 ;: 1000 : 600, the 
specific gravity of the elm. 

4. A piece of cork weighs 201b in open air, and a pi«ce of 
granite being affixed to it, whicTi weighs 1201b in air^ and 
only 801b in water, the compound mass, weighs l6flb in 
water ; required the specific gravity of the cork. Ans. 240. 

* . « • • ' 

Examples. — Case IIL 

5. A piece of cast-iron weighed 259-1 ounces in a fluid, and 
298-1 ounces out of it; required the specific gravity of the 
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fluid, allowing the specific gravity of the cast-iron to be 7645. 

298' 1 — 259-1 = 39 loss of weight in the iron ; then 
298' 1 : 39 ::^7645 : 1000, the specific gravity of the fluid ; 
showing the fluid to be water.* 

6. A piece of lignum vitae weighed 42| ounces in a fluid, 
and 166| ounces out of it ; what is the specific gravity of 
the fluid ; that of the lignum vit« being 1333 ? 

Ans. 991 is the specific gravity of the fluid, which shows 
it to be liquid turpentine or Burgundy wine. 



TABLE OF SPECIFIC GRAVITIES. 


Spec, grav, wt. cub. in. 


Flatina «... 19500 . . .11*285 


Do. hammered 


• 1 


1 • 


a 4 


20336 . 


. 11-777 


Cast zinc 








7190 . 


4*161 


Cast iron 








7207 . 


4-165 


Casttin 








7291 . 


4*219 


Bar iron 








7788 . 


4-507 


Hard steel 








7816 . 


4-523 


Cast brass 








8395 . 


4-868 


Cast copper 








8788 . 


6*085 


Pure cast silver 








10474 . 


6*061 


Cast lead 








11352 . 


6*569 


Mercury 
Pure cfst gold 








13568 . * . 


7*872 








19258 . 


, 11*145 


Amber 








1078 . y 


ni. cub. ft. 


Brick 








2000 . 


125*00 


Sulphur 








2033 . 


127*06 


Cast nickel 








7807 . 


4513 


Cast cobalt 








7811 . 


4520 


Paving stones 








2416 . 


. 151:00 


Common stone 








2520 . 


. 157*50 


Flint and spar 








2594 . 


, 162*12 


Green glass 








2642 


White glass 








2892 


Pebble 








2664 . . 166 -ftO 



* In this manner may the species of a fluid or solid be ascertained, by 
means of its specific gravity, and the above table. This table baa been 
taken from Gregory^ work for Ptactical men. 
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Spe&grav. 


wtcub.ft. 
lbs. 


Slate 


2672 . 


. 167-00 


Peari ... 


2684 




Alabaster . .« . . • . 


2930 




Marble .... 


2742 . 


. 171-38 


Chalk .... 


2784 . 


. 174*00 


LimestoQe • • . , 


3179 . 


. 198-66 


Wax 


897 




Tallow .... 


945 




Gampkor . • . . 


989 




Bees* wax . • . , 


965 




Honey . • • . 


1456 




Bone of an oz . 


1659 




Ivory . . . , 


1822 




Air at the earth's surface . 


14 




Liquid turpentine 


991 


* 


Olive oil .... 


915 




Burgundy wine 


991 




Distilled water • . : . 


1*000 




Sea water 


1-028 




Milk .... 


1-080 




Beer .... 


1*034 




Cork . • . , 


240 . 


15-00 


Poplar .... 


383 . 


. 23-94 


Larch .... 


544 . 


34-00 


Elm, and West India Fir . 


556 . 


. 34-75 


Mahogany . ... 


560 . 


35-00 


Cedar .... 


596 . 


37*25 


Pitch pine 


660 . 


. 41-25 


Pear tree .... 


661 . 


41-31 


Walnut .... 


671 . 


41-94 


Elder tree .... 


695 . 


. 43*44 


Beech .... 


696 . 


43-50 


Cherry tree . • . . 


715 : 


44-68 


MapieandBigafir . 


750 . 


46-87 


Ash and Dantzic oak 


760 . 


47*50 


Apple tree .... 


798 . 


49-56 


Alder .... 


800 . 


. 50*00 


Oak, Canadian 


872 . 


54*50 


Box, French .... 


912 . 


57-00 


Logwood . . 


918 . 


57*06 


Oak, English .... 


970 . 


51*87 


Oak, 60 years old 


1170 . 


. 73-12 


Ebony . • , » . 


1331 . 


83*18 


Lignum vita . 


1338 . 


. 83-31 
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ITS 9ncorsc ojuvxTTi 

PROBLEM n. 

Tke ipmfie gravity of a body^ and its weighty being given, 

to find its soUdity, 

Rule. Say, as the tabular specific gravity of the body, is 
to its weight in ounces avoirdupois, so is 1 culnc toot to the 
content. 

1. What is the solidity of a bjock .of marble that freighg 
10 tons ; its specific gravity being 2742 ? 

First, 10 tons = 200 hundreds = 22400 "pounds = 358400 
ounces ; then 

2742 : 358400 : : I 
1 



2742)358400(130^;^' » 
2742 



8420 
8226 



2. How^many cubic inched in an irregular block of marble 
ivhich weighs 1 1*2 pounds, allowing its specific gravity to be 
2520? -4n«.1228f§i§ cubic inches. 

3. How many cubic inches of gunpowder are there in 1 
pound weight, its specific gravity being. 1745 ? \ 

An», 15f neai'ly. 

3. How mseny cubic feet are there in a ton weight o^ dry 
oak, its specific gravity being 925 ? Ans, 3d^f . 

PROBLEM HL 

The linear dimehsionsy <iT magnitude of a hoiy^ being given, 
andalso its ^peeific gravify/y to find its weight. 

Rule* One cubic foot is to the solidity of the body, a« 



die'tafeukr Bpeoificgniyity of the body is to the "weight in 
vmtrdupoiB oanees* 

1. Wliat is the wdght «f a piece of dry oak, in the fbrm 
of a parallelopipedon, whose length is 58 inches, breadth 18 
inches, and depth 12? 

65x18x12 = 12096 cubic inches, the solid content 
Then 1728 : 12096 :: 932 : 6524 ounces = 407| pounds, 
the weight required. 

2. What is the weight of a block of dry oak, which mea- 
sures 10 feet long, 3 feet broad, and 2^ feet deep ; its specific 
gravity being 925 ? Ans. 4335|f lbs. 

3. What is the weight of a block of marble, whose length 
is 63 feet, and its breadth and thickness, each 12 feet? 

Ans. 694-3^5 tons. 

PROBLEM IV. 

Tojfind 4he quantities of two ingredients in a given compound, 

Hxtm:. Tskke the difference of every pair of the three 
specific gravities, viz. of the compound and each ingredient ; 
and aindtiply the difference of every two by the third. 

Then as the greater product is to the whole weight of the 
compound, so is each of the other products to the weights of 
tlie two ingredients.* 

I. A composition of 1 121b being made of tin and copper,' 
whose specific gravity is found to be 8784; what is the 
quantity of each ingredient, the specific gravity of tin being 
7320, and of copper 9000 ? 

9000 90()0 8784 

7320 8784 7320. 



1680 216 1464 diff. 

8784 7320 9000 



14757120 1581120 13176000. Then 

147'57120 • 112 •' -! 13176000 : iOOlb copper. 
14/5712U . U^ .. I 1581120: 121b tm. 



m ^ » w 



* For the reason of this rule, see Alligation Total in tb^ secc^d-bo^k 
of Arithmetic, published by the Commissioners. 
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2. Hieroy king of Sicily^ furnidied a goldamith with a 
quantity of gold, to make a crown. When it came homer 
he suspected that the goldsmith had used a greater quantity 
of silver than was necessary in the composition ; and applied 
to the famous mathematician, Archimedes, a Syracusian, to 
discover the fraud, without de&cing the crown. 

To ascertain the quantity of gold and silver in the crown, 
he procured a mass of gold and another of silver, each ex^* 
actly of the same weight with the crown ; justly considering 
that if the crown were of pure gold, it would be of equal 
bulk, and therefore displace an equal quantity of water with 
the golden miass ; and if of silver, it would be of equal bulk, 
and displace an equal quantity of water with the silver mass ; 
but if of a mixture of the two, it would displace an inter- 
mediate quantity of water. 

Now suppose that each of the three weighed 100 ounces ; 
and that on immersing them severally in water, there were 
displaced 5 ounces of water by the golden mass, 9 ounces 
by the. silver mass, and 6 ounces by the crown ; what quan- 
tity of gold and silver did the crown contain ? 



M (75 ounces of gold 
^^' t 25 ounces of silver 



Note, Questions relating to specific gravities may .be wrought by the 
rules of Alligation in Arithmetic, as well as by any Algebraic process 
that might be employed. 



PROBLEM V. 
To find how many inches a floating body loill sink in a fluid. 

RuiiE. Find, by Problem III. the weight of the floating 
body from its solidity and specific gravity, and that will be 
the weight of the fluid which it will displace. 

Then say, as the specific gravity of the fluid is to 1728 
cubic inches ; so is the weight of the body, in ounces, to the 
cubic inches immersed. The depth will be found from the 
^ren dimensions. 
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' 1. Siq>poBe a piece of dry oak, in the form of a parallelo- 
pipedon, whose length is 56 inchefi, breadth 18, and depth 
l^y is to be floated upon common smooth water, on its 
laroadest side ; how many inches will it sink, its specific 
gmvity being 932 ? 

By Problem III. the weight of the piece of oak is 6524 
omices, which by the preliminary part of this section, is the 
weight of water displaced* 

Then 1000 : 1728 :: 6524 : 11273-472 cubic inches of 
oak immersed. Therefore, 11273-472 -f- (56 X 18) = 
11*184 inches the depth it will sink. 

To find how far it will sink, allowing it to float on its 
narrower side 11273-472 -7- (56 X 12) = 16-776 inches. 

2. How many inches will a cubic foot of dry oak sink in 
oommon water, allowing the specific gravity of the oak to be 
970? Am. 11-64. 



PROBLEM VI. 

To find vohat weight may he attached to a fioating hody^ so 
thai it may bejttst covered icith a given fluid. 

Rule. Multiply the cubic feet in the body by the diffe- 
rence between its specific gravity, and that of the fltud, and 
the product will be the weight in ounces avoirdupois, j^t 
sufficient to immerse it in the fluid. 

1, What weight must be attached to a piece of dry oak, 
56 inches long, 18 inches broad, and 12 inches deep, will 
keep it firom rising above the surface of a fresh-water lake ; 
the specific gravity of the water being 1000, and that of the 
oak 932? 

Here 56 X 18 X 12 = 12096 cubic inches. 

Then 12096-5- 1728 = 7 feet, 

ThaiXlOOa— »932).x7 = 68 X 7 = 476 ounces = 29 
pounqs 12 ounces. 
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% What weif^t, fixed to a pi^ce of dry aric, 9 inches 
long, 6 inches brcMui, and 3 inches deep, will keep it item 
rising above the surface of commmi waiter, the spedfic gfSk* 
Yity of water being 1000, and that of the oak 970 ? 

Ans. 2^ ounces. 

3. A sailor had half an anker of brandy, the spedfic gra- 
vity of the liquor was 927) .the cask was oak, and contained 
216 cubic inches, and its specific gravity was 9^2 ; to secuie 
his prize from the custom-house officers, he fixed just as 
much lead to the cask as would keep it under water, and 
then threw it into the sea ; what weight of lead was neces- 
sary for his purpose ? 

Am. The cask of brandy contained 1371 cubic inches, 
the weight of sea- water of an equal bulk was 8 17* 20486 
Ounces, the cask weighed 11^5 ouxices, the brandy 
619*609375, both together weighed 736-19375 ounces. The 
difference between the specific gravity of lead and sea-water 
is to this remainder, as the specific gravity of lead to its 
weight in ounces, which will be found to be 89*09495 ounces, 
or 5 pounds 9 ounces. 



PROBLEM Vll. 

To find the soUdity of a hody^ lighter them a fluids which 
wiU be sufficienJt to prevent a body much hearner than the 
fiuid^ from sinking. 

Rule. Find the solidity of the body to be floated; from 
its weight and specific gravity, by Problem II. , Find 
also the weight of an equal bulk of the fluid by Problem III. 
Then say, as the difference between the specific gravity of 
the fluid, and that of the body lighter than the fluid, is to 
the difference between the weight of the body to be floated 
and the weight of an equal bulk of -the fluid, so is 1728 to 
the solidity of the lighter body in cubic inches. 

1 . How mnny solid feet of ^eHow fli«, .whose* specific 'gt^ 
vity is 657, will be sufficient to keep a brass ccutnon, ^vvigiir 



iag &6 09tt* tAotk at s^ tfte.spebiAc jgrairky of faraM b^ing 
8asi6, and of sefl^water 1^30 ? 

Fim, 56 twU sr 100952 oances, weight of the body W b6 
floated. 

Then, 8396 : 100352 : : 1728 : 20653-675 cubic inches in 
the cannon. 

And, 1728 : 20653-675 : : 1030 : 12310-9289, the weight o^' 
sea-tvater equal in buUc to that of the cannon. 

Hence^ 1030 — 657 : 100352 — 12810-9289 :: 1728 : 
407868*5545 cubic inches = 236'036 feet, the Ang. 

2. The specific gravity of lead is 1 1325,. of cork 240, and 
of sea-water 1030; now it is required t6 know how many 
cubic inches of cork will be sufficient to keep 49f pounds of 
lead afloat at sea? Ans. 1570*84 cubic inches. 



TO FIND THE TONNAGE OF SHIPS. 

Ist.^ — VESSELS AGEOUNp. 

By the Parliamentary Jtule. 
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PROBLEM Vni. 

For a ship or vessel, the length is to be measiired on a 
straight line along the rabbet of the keel, 'from a per- 
penchcular, let fall from the back of the main post, at 
the height of the wing-transom, to a perpendicular at the 
height of the upp^r deck, (but the middle deck of three- 
decked ships,) from the forepart of the «ttem ; then from the 
length between these perpendiculars subtract J of the ex- 
treme breadth for the rake of the stern, ahd 2| inches for 
every foot of the height of the wing transom above the lower 
part of the rabbet of the keel, lor the-rake abie^ ; and the 
remainder will be the length of the keel for tonnage. 
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The main breadth is to be taken from the outside of the 
outside plank, in the broadest part of the ship, either above 
or below die wales, deducting therefrom all that it exceeds 
the thickness of the plank of the bottom, wliich shall be 
accounted the main breadth ; so that the moulding breadth^ 
or the breadth of the frame, will then be less than the main 
breadth, so found, by double the thickness of the plank of 
the bottom. 

Then multiply the length of the keel for tonnage, by the 
main breadth, so taken, and the product by half the breadth, 
then divide the whole by 94, and the quotient will give the 
tonnage. 

In cutters and brigs, where the rake of the stem-post ex- 
ceeds 2^ inches to every foot in height, the actual rake is 
general^ su'btracted instead of the 2^ inches to every foot, 
as before mentioned. 

1. Let us suppose the length from the fore-part of the 
stem, at the height of the upper deck, to the after-part of the 
stem-post, at the height of the wing transom, to be 155 
feet 8 inches, die breadth from out 'to outside 40 feet 6 
inches, and the height of the wing transom 21 feet 10 inches, 
what is the tonnage ? 
ft 
40-6 breadth. 

deduct 3 



40-3 
3 

5)120-9 



34-lJ = 24-15. 

21*10 height of wing transom.. 
2^ multiply. 



12)54^ 

4-55 + 24-15 =: 28-70. 
155*66 — 28-70 =r 126-96 s lengdi. 
126*96 X 40-25 + 20*125 ^ ,^^ ^^^ ,^ 



Q. — = 1094 the Ans. 
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2. Suppose the length of the kedi to be 50*5 feet, breadth 
of the midship-beam 20 feet; required the tonnage? 

Jjfu. 107-4. 

3. If the length of the keel be 100 feet, and the breadth 
of the beam 30 feet ; what is the tonnage ? An9. 478. 

2nd. — YB8SELS A9JUOAT. 

Drop a plumb-line over the stern of the ship, and mea- 
sure the distance between such line and the after-part of the 
stern-post, at the load water-mark : in a parallel direction 
with the water, to a perpendicular point immediately over 
the load water-mark, at the fore-part of the main-stem, sub- 
tracting from such measurement the above distance, the 
remainder will be the ship's extreme length ; from which is 
to be deducted three inches for every foot of the load draught 
of water for the rake abafl, and also three-fifths of the ship's 
breadth for the rake forward, the remainder shall be esteemed 
the just length of the keel to find the tonnage; and the 
breadth shall . be taken from outside to outside of the plaQk> 
in the broadest part of the ship» either above or below the 
main- wales, exclusive of all manner of sheathing or doubling 
that may be wrought upon the sides of the ship ; then mul- 
tiply the length of the keel, taken as before directed, by the 
breadth, as before taught, and that product by half the said 
breadth, and dividing the product by 94| the quotient is the 
tonnage. 

3rd^— STBAH VESSELS. 

The length shall be taken on a straight line, along the 
rabbet of the keel, from the back of the main-stem- 
post to a perpendicular line from the fore-part of the 
main-stem under the bow-sprit ; from which deducting the 
length of the engine-room, and subtracting three-fifths of the 
br^dth, the remainder shall be esteemed the just length of 
the keel to find the tonnage ; and the breadth shall be taken 
ftom the outttde of the outside plank in the broadest place of 
the ship or vessel^ be it either above or below the main- 
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wBlea, eieclusiyely of all maxiner dt douMng planks diat 
may be wrought upon the 8kle» of the Bhip or vessel ; Uien 
multiply th6 length and breadth so found together, and that 
product by half the same breadth, and dividing by 94, the 
quotient will be the tonnage, according to which all such 
vessels shall be measured. 

Note, Under oertain penalties nothing but the ^uel can bestowed in 
the engine-room. 

Some divide the last product by 100, to find the tonnage 
of king\) ships, and by 95, to find that of merchants' ships. 



FXiOATING BODIBS. 

1. The buoyancy of casks, or the load which they will 
carry without sinking, may be estimated by reckoning lOlb* 
avoirdupois to the ale gallon, or 8^1b. to the wine gallon. 

2. The buoyancy of pantoons may be estimated at about 
half a hundred weight, or 661b. for each cubic foot. There* 
fore a pantoon which contained 96 cubic feet, would sustain 
48 hundred weight before it would sink. 

N. B.— -This is an approximation, in which the difference between -^ 
and \, viz. ^ of the whole weight is allowed for that of the pantoon 
itself. 

3. The principles of buoyancy are very ingeniously 
applied in the self-acting flood-gate, which, in the case of 
common sluices to a mill-dam, prevents inundation when a 
sudden flood occurs. By means of the same principle, it is 
that a hollow ball attached to a metallic lever of about a foot 
long, is made to rise with the liquid in a water-cask, and 
thus to close the cock and stop the supply from the pipe, 
just before the time when the water would otherwise run 
over the top of the vessel. 

The property of buoyancy has also been successively em- 
ployed in raising ships which had sunk under water, and in 
pulling up old piles in a river when the tide ebbs and flows. 
A large barge is brought over a pile as the water begins to 
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rise ; a strong chain which has been previously fixed to the 
pile by ti ring, &c. is made to gird the barge, and is then 
firmly fastened ; then, as the tide rises the barge rises also, 
aad by means of its buoyant force draws up the pile with it. 

In a case which actually occurred, a; barge of 50 feet long, 
12 feet wide, 6 deep, and drawing two feet water, was em- 
ployed. Then 50 X 12 X (6 — 2) X t = ^^ ^ ^^ . ^ ^^ 

= 192 X 7| = 1344 + 27f = 1371fewt. =s 66^ tons, 
nearly, which is the measure of the force with which the 
barge acted in pulling up the pile. 
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SECTION IX. 



WEIGHT AND DIMENSIONS OF 
BALLS AND SHELLS. 



The foregoing Problems furnish rules for finding the 
weight and dimensions of balls and shells. But they may 
be found much easier by means of the experimental weight 
of a ball of a given size, and from the well-known geome- 
trical prc^rty, that similar solids are as the cubes of their 
diameters. 

PROBLEM I. 
To find ike weight of an iron ball, from its diameter. 

Rule. Nine times the cube of the diameter being divided 
by 64^ will express the required weight in pounds.* 

1. The diameter of an iron shot is 5 inches ; required its 
weight. 

5x5x5 = 125=? cube of the ball's diameter. 

Then, 125 X 9 -^ 64 = ITfJlbs. the Aw. 

2. The diameter of an iron shot being 3 inches ; required 
it« weight. Asm. 3*81b. 

3. The diameter of an iron shot is 5*54 inches ; what is 
its weight ? Ane. 241b. 



I !•■ »ii 



* See Appendix, Demonstratioa 113. 
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PROBLEM IL 

To find the weight of a leaden hall^ iy having its diameter 

given* . 

RvjJB* Muldpiy the cube of its diameter by 2, and di- 
vide the product by 9} and the quotient will gire the weight 
in pounds.* 

L What is the weight of a leaden ball of 5 inches dia- 
meter? 

5x5x5 = 125 cube of ball's diameter. 

Then, 125 X 2 -i- 9 = 250 -i- 9 = 27^1b. Ane. 

2. What is the weight of a leaden ball whose diameter is 
6-6 inches ? Am. 63-8881b. 

3. What is the weight of a leaden ball whose diameter is 
3-5 inches ? Ans. 9*531b. 

4. What is the weight of a leaden ball whose diameter Uk 
6 inches ? Ans. 481b. 



PROBLEM IIL 
Hewing the tceight of an iron hallf to determine iu diameter. 

RuJLE. Multiply the weight by 7*^, then take the cube 
root of the product for the diameter.f 

1. What is the diameter of an iron ball, whose weight is 
421b. ? 

42 X 7 i = 298§. 

• Then, V 298 = 6-685 inches, the Am. 

2. Required the diameter of an iron ball, whose weight 
is 24lb« Ane. 5*54 inches. 



.MMMaaifta 



^ See Appendix, Bemonstntion 114. 

f This rule is obvious from Prob.l. being the oonr^se thereof. 
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3. What is the diameter of an iron ball, whose weight is 
3«81b. Am. 3 inches. 

« 

PROBLEM IV. 

Honing the toeight of a leaden hall^ to determine its diameter. 

Rule. Multiply the weight by 9> and divide the product 
by 2 ; and the cube root or the quotient will express the 

diameter.* 

» 

1. What is the diameter of a leaden ball, whose weight is 
641b.? 

. 64 X 9 = 576. 
Then, 576 -r- 2 =s 288. 

3 

Hence, V 288 =r 6< indies, tfie Ans. 

2. Required the diameter of a leaden ball, whose weight 
is 27^b. ? Ans. $ inches. 

3. What is the diameter of a leaden ball, whose weigh* 
is 63*8881b. ? Ans. 6*6 inches. 

PROBLEM V. 

Hamng given the external and mtemal diameter of an iron 

sheU, to find its weight. 

RuuB. Find the difference between the cubes x)f the two 
diametere, and multiply it by 9 ; divide the product by 64, 
and the quotient will express the weight in pounds.^ 

1. What is the weight of an 16-dnch Iron bomb-shell, 
whose mean thickness is 1:^ inches? 

18 — 2^ = 15^=1 internal diameter. 

Then, 18' = 5832 the cube of external diameter. 

(15-5)' = 3723-875 the cube of internal diameter. 

And, 5832 — 3723-875 a: 21D8'125 = d^erence of cubes. 

Haioe, 2106-125 x 9 -r- 64 = 296-451b. the Aw: 



* This rule is manifest from Prob. IL beixig its donrerK. 
t See Appendix, Demonstratibn 1 15i 
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2. What is the weight of a 9-inch iron bomb-shelly whose 
mean thickness is 1^ inch ? Ans. 72* 141b. 

3. What is the weight of an iron bomb-shell, whose ex- 
ternal diameter is 9*8 inchos^ aad internal diameter 7 inches ? 

Ans. 84^1b. 

PROBLEM VI. 
To find how mtich powder willJiU a sheU of given dimen$i&n$. 

Rule. Divide the cube of the internal diameter in inches^ 
by 57*3, and the quotient will express the answer.* 

1. What quantity of powder will fill a shell, whose inter- 
nal diameter is 10 inches ? 

Fnrst, 10 X 10 X 10 = 1000 = cube of diameter. 
57-3)100O(l7-451b. Ans. 
573 



4270 
4011 

2590 
2292 

2980 
2865 

ll5, &c. 

Note. In some recent works, the cube of the diameter is dirided by 
59*32, for the height of powder in pounds, * 

2. How many pounds of gunpowder are required to lill a 
hollow shell, whose internal diameter is 13 inches ? 

Ans. 371b. according to the note. 

3. Required the number of pounds of powder that will 
fill a shell, whose internal 4i«nieter is 7 inches ? 

Ans. 61b. by the rule in the text. 

* See Appendix, Demonstration 116. 
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PROBLEM VII. 

Ihjtnd how much powder wtUfiU a rectangular box of given 

dimensions* 

Rule. Multiply the length, breadth, and depth together 
in inches, and the last resmt by *0322, and the last product 
will give the weight in pounds.^ 

1. How many pounds of powder will fill a rectangular box, 
whose length is 16 inches, breadth 12 inches, and depth 6 
inches? 

16 X 12 X 6 = 1152 = content of the box. 

Then, 1152 X -0322 = 37-0944, the Ans. 

2. How many pounds of powder will fill a rectangular 
box, whose length is 10 inches, breadth 5 inches, and depth 
2 inches ? Ans. 3-221b. 

3. How many pounds of powder will fill a rectangular 
box, whose length is 5 inches, breadth 2 inches, and depth 
10 inches? -4fw. 3-22lb. 



PROBLEM VIIL 

Hcmng the length and diameter of a cylinder^ to determine 
how many pounds of gunpowder will fill it. 

Rui*E. Multiply the square of the diameter by the length 
and divide the produci^ by 40, for the weight in pounds.f 

L The diameter of a hollow cylinder is 10 inches, and 
the length 14 inches ; how many pounds will it hold ? 

- 10 X 10 = 100 = square of diameter. 

Then, 100 X 14 = 1400. 

Hence, 1400 -r- 40 = 35lb. the Ans. 



* S^ Appendix, Demonstration 117. 
f See Appendix, Demonstration 118. 
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2. The diameter of a hollow cylinder is 5 inches, and its 
length 40 inches ; how much powder will it hold ? 

Ans. 261b. 

3. The diameter of a hollow cylinder is 6 inches, and the 
length 12 inches ; how many pounds will it hold ? 

Ans. 7*51b. 



PROBLEM IX. 

To find what portion ojf a cylinder will be occupied by a 
yiven quantity of poufder^ the diameter of the cylinder 
being given. 

Rule. Multiply the given weight of powder by 40, and 
divide the product by the square of the diameter of the cylin- 
der, and the quotient will be the pounds required.* 

1. The diameter of a hollow cylinder is 10 inches; how 
much of it will hold 50lb. of powder ? 

60 X 40 = 2000. 
Then, 2000 -7- 100 = 20 inches, the Ana. 

2. How much of a cylinder of 14 inches diameter, will 
hold lOlb. of powder? Ans. 2*05 inches. 

3. How much of a cylinder, 12 inches in diameter, will 
hold 1441b. of powder? Ans. 40 inches. 



PILING OF BALLS AND SHELLS. 

Iron-shot and shells are usually piled in horizontal courses, 
either in a pyramidical or in a wedge-like form ; the base 
being either an equi-lateral triangle, a square, or a rectangle. 



• See Appendix, DemooBtration 119. 

K 
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Those piles whdse balies ar^ triangles, <Hr jsquare% ter- 
minate in <»ie ball at the top : but piles whose bases are rect- 
angles t^minate in a single row of balls. 

In triangular and square piles, the number of horizontal 
rows, or courses, is always equal to the number of balls in 
one side of the bottom row. 

And in rectangular piles, the number of rows is equal to 
the number of balls in the breadth of the bottom. 

Also the number in the top row, or edge, is one more 
than the difference between the length and breadth of the 
bottom row. 

PROBLEM L 

To find the number of bails in a rectangvloT pile. 

KuLE. Multiply the number in one side of the bottom 
' row, by that number increased by 1, and the result by thesasne 
number increased by 2 ; then the one-sixth of the last pro- 
duct will give the number of balls required.* 

1 . Required the number of shot in a complete triangular 
pile, one of whose sides contains 22 balls ? 

22 s= the number in one side of base. 

23 = Ibe number + 1. 

44 



506 
24 = the number -J- 2. 



2024 
1012 

6)12144 



2024 1= the number of shot in the pile. 



■ m i w^mmetm^^t^^m 



* 9ee Appendix, Demonstrationi 120. 
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2. Required the number of shot m a conaplete triangulu* 
pile, one side of wisose base contains 15 balk ? 

Am. 680 balls. 

3. Required the number of balls in a triangular pile, each 
side of the base containing 30 balls. Aw. 4f^60. 



PROBLEM U. 

To find the nujnber of balls in a square pile. 

Rule. Multiply corrtinually together, tiie nurabei' in one 
side of the bottom course, that number increased by 1, and 
double the same number increased by 1 ; then one-sixth of 
the last product will be the answer.* 

1. How many balls are in a square pile of 30 rows ? 

10 = number in one side. 

31 = number in one side + 1. 

930 
61 = twice the number in one side + 1. 

^)66730 

9455 Ans. 

2. Required the number of shot in a complete square pile, 
one side of ^ose base contains 19? Am. 2470 

3. How loany shot in a finished square pile, wben a side 
of the base contains 21 shot ? Ana, 33 1 1 • 



PROBLEM III. 

To find the number of shot in a finished rectangidar pik. 

Rule. Add 1 to three times the number of shot contained 
in the length of the base, sub tract .the number of shot in the 



** See Appendix, Demonstration 121. 
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breadth of the base, multiply the remainder by the said 
number increased by 1» and this r^ult again by the number 
in the breadth ; then one-sixth of the last result will give 
the number of shot in the rectangular pile.* 

1. Reauired the number of shot in a finished rectangular 
pile, the length of the base containing 59y and its breadth 
containing 20 balls. 

59 = the number of shot in the length. 
3 



177 ; then 177 + 1 = 178, and 178—20 = 158. 

158 X 21 = 3318, and 3318 X 20 = 66360. Hence 
66360 -^6=1 1060, the Afu. 

2. How many balls are in a rectangular complete pile, the 
length of the bottom course being 46, and its breadth 15 ? 

Ans. 4960. 



PROBLEM IV. 

To determine the number of bcUis contained in a pik which 
it not finxshedi the highest course being complete^ and the 
number of balls in each side thereof being given, 

RcTLE. Find the number of shot which would be contained 
in the pile if it were complete. Find also the number in 
that complete pile, each side of whose base contains one shot 
fewer than the corresponding side of the uppermost course 
of the unfinished pile, and the difierence between these 
results will evidently give the number of balls in the un- 
finished pile.f 

1. How many shot are there in an unfinished triangular 
pile, a side of whose base contains 23, and a side of the 
uppermost course 7 shot ? 



* See Appendix, Demonstration 122. 
f See Appendix, Demonstration 12d. 
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23 «= number of balls in the base. 
24 =: number of balls in the base -(- 1. 



652 
25 



6)13800 



2300 = number of the pile when complete. 



42 

8 



6)336 



56 number of balls in the imaginary pile. 
Therefore, 2300 — 56 =; 2244 the Ans. 

2. How many balls in an incomplete square pile, the side 
of the base being 24, and of the top 8 ? Am. 4760. 

3. How many balls are there in the incomplete rectangular 
pile of 12 courses, the length and breadth of the base being 
40 and 20 ? Am. 6146. 



DETERMINING DISTANCES BY SOUND. 

The velocity of sound, or the space through which it is 
propagated in a given time, has been very differently 
estimated by philosophers who have written on this subject. 
We shall, however, take it to be 1142 feet in a second. 

From repeated experiments it has been ascertained that 
sound moves uniformly, or to speak more philosophically, 
that the pu)ses of air which excite it move imiformly. The 
velocity of sound is the same with that of the aerial waves, 
and does not vary much, whether it go with the wind or 
against it. By the wind, no doubt, a certain quantity of air 
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is carried irom one pltce to another, said the sound is some- 
what accelerated while its waves move through that part of 
the air, if their direction be the same as that of the wind. 
But as the velocity of sound is vastly swifter than the wind, 
the acceleration it will thereby receive is but inconsiderable, 
being at most but ^ of the whole velocity. 

The chief eflPect perceptible from the wind is, that it in- 
creases and diminishes the space through which sound is 
propagated. The utmost distance at which sound has been 
heard is about 200 miles. It is said that the unassisted 
human voice has been heard from Old to New Gibraltar, a 
distance of about 12 miles. Dr. Derham, placing cannon at 
different distances, and causing them to be fired off, observed 
the ihtervals between the flash and report, by means of which 
he found the velocity of sound to be as above stated. 

1. Having observed the flash of a cannon, I noticed by 
my watch, that 5 seconds elapsed previous to my hearing the 
report ; detenrnne my distance irosa the gun* 

U42 
5 



5710 feet, Ans. 

2. Being at sea, I saw the flash of a canncm, and counted 
8 seoonds between the flash and the report ; required the 
distance. Arts. I f^ mile. 
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SECTION X. 



GAUGING. 

Gauging is the art of measuring the capacities of vessels^ 
such as casks, Yats» &e. 

The business of gauging is generally perfonned by means 
of two instruments, namely, the gauging or sliding rule, aad 
the gauging or diagonal rod. 

1. OF THE GABGIIfG BUJUK^-^-I^APBXTTEB's. 

By this instnunent is computed the contents of casks, &c. 
afler the dimensions have been taken. It is a square rule, 
having various logarithmic lines on its four faces, and three 
sliding pieces, capable of being moved through grooves in 
which they fit, in three of these faces. 

On the first face are delineated three lines, namely, two 
marked A, B, on which multiplication and division are per^ 
formed ; and the third marked M D, signifies mak depth, 
and serves to gauge malt. The middle one B is on the 
slider, and is a kind of double line, being marked at bdth 
edges of the slider, for applying it to boUi the lines A and 
M D. These three lines are all of the same radius, or dis- 
tance from 1 to 10, each containing twice the lengtix of the 
radius. A and B are numbered and pbced exactly aUk«> 
each commencing at 1, which may be either 1, or 10, 100, 
&c. or -1, or -01, or "OOl, &c. Whatever the 1 at the be- 
ginning is estimated at, the middle division 10, will be 10 
times as much» and the last division IQQ times as much. 
But 1 on the line M D is opposite 2220, or more exactly; 
2218*2 on the dther lines, whicb number 2218*2 denptev 
the cubic inch in an imperial malt bushel ; and its divisiona 
numbered retrograde to those of A and B. On these two 
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lines are also several other marks and letters ; thus on the 
line A are M B, or sometimes only B for malt bushel, at the 
number 2218*2, and A for ale, at 282, the cubic inches in 
an old ale gallon ; and on the line B, is W, for wine, at 23 1, 
the cubic inches in an old wine gallon. 

These marks are now usually omitted upon the rule, since 
the late new act of parliament for uniformity of weights and 
measures, and G for gallon is put at 277*274 the inches 
in an imperial gallon,* whether of ale, wine, or spirits. 

On many sliding rules are also found s t, for square in- 
scribed at *707, the side of a square inscribed in a circle, 
whose diameter is 1 ; se, for square equal at *886, the side 
Qf a square which is equal to the same circle ; and c for cir- 
Cumference, at 3*1416, the circumference of the same circle., 

On the second face, or that opposite the first, are a slider 
and four lines, marked D, C, D, £, at one end, and root 
square, root cube at the other end ; the lines C and D con- 
taining, respectively, the squares and cubes of the opposite 
numbers on the lines D, D ; the radius of D being double to 
that of A, B, C, and triple to that of £ ; therefore whatever 
the first 1 on D denotes, the first on C is its square, and the 
first on £ its cube ; that is, if D begin with 1, C and E will 
begin with 1 ; but if D begin with 10, C will begin with 100> 
and£ with 1000; and so on. 

On the line C are marked o c at *07969 for the area of the 

* Until 6 George IV. in which a uniform system of weights and mea- 
sures was established under the denomination of imperial weights and 
MEASURES, there were, amongst other sources of inconvenience, difie- 
rent measures, though of the same name, for ale and wine. A gallon 
of ale contained 282 cubic inches, and a gallon of wine 231 ; a bushel 
of malt contained *21 50*42 cubic inches. 

, To reduce old measure intanew, say, as the number of cubic inches 
in the imperial standard is to the number of cubic inches in the old 
ytandard, so is the number of gallons or bushels, &c. old measure, to the 
number of gallons, &c imperial measure. 

' When great accuracy is not required, old wine gallons may be re- 
duced to imperial gallons by dividing by I '2 ; and old ale gallons may be 
reduced to imperial gallons by multiplying by 60, and dividing the pro* 
duct by 59 ; and old, or Winchester bushels may be reduced to imperial 
bushels by multiplying by 31, tad dividing the piroduct by ^ 
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circle whose ciffcamference is' 1 ; and o d^ at *7d54, for the 
area of the circle whose diameter is 1. 

On the line D are marked G S, fi)r gallon square, at 
19*65, and G R for gallon round at 18*789 ; also M S for 
malt squareat 47*097> and M R for malt round at 53*144. 

■ These are the respective gauge-points for gallons and 
bushels. The first lQ-65 is the side of a square, which at an 
inch depth, holds a gallon ; the second 18*789, the diameter 
of a circle, which at an inch depth, holds a gallon ; the third 
47*097 the side of a square, which at an inch depth holds a 
bushel; the fourth, 53*144, the diameter of a circle, which 
at an inch depth, holds a bushel. 

On the third face are three lines, one on a slider marked 
N ; and two on the stock, marked S S and S L, for segment 
standing and segment lying, which serve ullaging, standing 
and lying casks. ' 

And on the fourth side, or opposite face, are a scale 
of inches, and three other scales, marked spheroid, or 1st 
variety, 2d variety, 3d variety ; the scale for the fourth or 
conic variety, being on the inside of the slider in the third 
face. The use of uiese lines is to find the mean diameter of 
casks. On the insides of the two first sliders, besides all 
those already described, are two other lines, being continued 
from one slider to the other. 

The one of these is a scale of inches, from 2^ to 36, an4 
the other is a scale of ale gallons, between the corresponding 
number 435 and 3*61 ; which form a table, to show, in ale 
gallons, the contents of all cylinders whose diameters are 
from 12^ to 36 inches^ their common altitude being 1 inch. 

VBBIE's 8ZJDING HULE. 

This rule is in the form of a parallelopipedon, and is ge- 
nerally made of box. 

1. The line marked A, on the face of this rule, is called 
Gunter's line, and is numbered 1, 2, 3, 4, 5, 6, 7, 8, 9,' 10. 
At 2218*192 is fixed a brass pin, marked IM, B, signifying 
the cubic inches in an imperial bushel ; at 277*274 is fixed 

K 5 
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another bfass |)in» maorked IM, 6, deaotkig the mfmbdr of 
cubic inches in an impetial gallon* 

2. The line marked B is on the slide, aad is divided 
exactly like that marked A. There is another slide B» on 
the opposite side, which is used along with this. The slide 

. on the first face is called the second radimty and that -oti 
the opposite face, the first radius. The two brass enda^ 
when placed together, make a double radius, numbered 
firom the left-hand towards the right. At 277*274, on the 
second radius, is a fixed brass pin» marked IM, G, d^M>ting 
the cubic inches in an imperial gallon ; at 314 is fixed 
another brass pin, marked C,"sign^ing the circumference 
of a circle whose diameter is 1. These lines are used and 
read exactly as the lines A and B, on the Carpenters' rule, 
which have been already described. 

3. The back of one slide, or radius, marked B» has 
the dimensions for imperial gallons, and bushels, green 
starch, dry starch, hard soap hot, hard soap cold, grc^en 
sofb soap, white soft soap, flint glass, &c. &c. as in table, 
page 206. 

The back of the other slide, or radius, marked B, con*- 
tains the gauge-points corresponding to these divisors, where 
S denotes squares, and C circles. 

4. The line MD on the 'rule, denoting malt depth, is a 
line of numbers commencing at 2218*192, and is numbered 
from the left, to the right-hand 2, 10, 9, 8, 7, 6, 5, 4, 8. 
This rule is used in malt gauging. 

5. The two slides B, just described, are always used 
together, either wijdi tiie line A, M D, or the line D, which 
is on the opposite face of the rule to that already described. 
The line D is numbered from the left-hand towards the 
right, 1, 2, 3, 31, to 32, which is at the right-hand end; it is 
then continued from the left-hand end of the other edge of 
the rule 32, 4, 5, 6, 7, 8, 9, 10. At 16^1 is a brass pn 
G S, signifying gauge squure^ being the sqraure gua^ 
point i^r imperiiaS gallo&s* At 18*789 is fixed a brass 
pin, marked G R^ denoting gauge rounds or circular 
gauge-point for imperial gallons. At 47*097, M S signifies 
maksg[uare) the square gauge-pmnt for malt bushels. At 
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53*144, M R denotes meid ^r^mnd^ the round or circular 
gauge-point for malt bushels. The line D on this rule 
i« of the same nature as the line marked D on the Car^ 
penters* Rule> which has been ahready described. The line 
A and the two slides B, are used together, for performing 
multiplication, division, simple proportion, &c. ; and the line 
D, and the same sHdes B, are used together for extracting 
^ A^ square and cube rQota. 

S. The other two slides bekmging to thia rule are marked 
C and are divided in the same maniter, and used togetlwr, 
Mke the slided B. 

The back of the first slide, or radius, marked C, is divided, 

next the 6dge» into inches, and numbered from the left*hand 

towards the right 1, 2, 3, 4, 5, &c. and these inches are 

again sub-divided into ten equal parts. The second Une is 

marked spheroid, and is numbered from the left-hand towards 

the right 1, 2, 3, 4, 5, 6, 7, 8. The third line is marked second 

VMiely, and ki numbered 1> 2, 3, 4, 69 6. These lines are 

aged, with the scale of inches, for finding a mean diameter. 

The back of the second slide, or radius, marked C, has 

i several factors for reducing goods of one denomination to 

1 others of equivalent values. Thus | X, to VI, 6. | signifies 

' that to reduce strong beer at Ss.- per barrel, to small beer at 

1^. 4d. you are to multiply by 6. | VI. to X. 17. [ signifies 

that to reduce small beer at Is. Ad, per barrel to strong beer 

at 8*. per barrel, you are to multiply by -17. | C 4 «»to X.27. [ 

signifies that 27 is the multiplier for reducing cider at 4#. 

per barrel to another at St. &c. 

7. The two slides C, just described, are always used 
together, with the Unes on the rule marked Seg. St. or S S, 
segments standing ; and Seg. L ^ or S L, segments lying ; 
for ullaging casks. The former of these lines is numbered 
I, 2, 3, 4, 5, 6, 7, 8, which stands at the right-hand end ; 
it then goes on from the left-hand on the other edge 8, 9, 
10, &c. to 100, the latter is numbered in the same manner 
1, 2, a, 4, which stands •! the right-hand end ; it then go&i 
(m from the l^'^band on tbe othef edge, 4, $, 6^ 7» tie. to 

loa 
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PROBLEM I. 

To find the several multipliers^ divisors^ and gauffe-poinU^ 
belonging to the several measures now used, 

MULTIPLIERS FOR SQUARES. 

As 277*274 solid inches are contained in one imperial 
gallon, and 2218*192 solid inches in an imperial bushel; 
then it is obvious that if 1 be divided by 277*274, and 
2218*192, respectively, the quotients will be the multipliers 
for imperial gallons and bushels respectively. 

Hence the method of finding the following multipliers is 
obvious : — 

277*274)1 •00000(*0036065 multiplier for imperial gallons. 
2218*192)1*00000(*0004508 multiplier for imperial bushels. 

Now it is manifest that if the solid inches contained in imy 
vessel be muldpled by the first of these multipliers, the pro- 
duct will be the imperial gallons that vessel will contain ; 
and if multiplied by the other, the product will be the im- 
perial bushdis. 

MULTIPLIERS AND DIVISORS FOR CIRCLES. 

It has been shown that when the diameter of a circle is 1, 
the area of that circle is *785398, &c. or -7854, nearly ; 
then by dividing the solid capacity of any figure by '7854, 
the. quotient will be the proper divisor for the square 
of the diameter of a circular figure. Then to reduce the 
area at one inch deep into gallons, divide *7854, or *785398, 
&c. by 277*274, and 2218*192, and the quotients will give 
the multipliers for imperial gallons and bushels respectively } 
iand.-7854 divided into 277*274 and 2218*192, wUl give the 
divisors for the imperial gallons and bushels. 

»7-274>785398(*002832 multiplier for imperial gallons. 
2218*192>785398(*00354 multiplier for imperial bushels. 
•785398)277*274(353*0362 divisor^ for imperial gaUons. - 
*7S5398)2218*192(2824*2897 divisor for imperial bushels. 
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The gauge-points are found by extracting the sqtiare root 
of the devisors. 



OAUOB-Foimrs fob squakes. 

V 277*274 = 16*65 1 imperial gallons. 

V 2218*192 = 47*097 imperial bushels. 



6AU<>E-POINT8 VOU 0IBCXE8. 

V 353-0362 = 18-789 imperial gallons , 

V 2824-2897 = 53*144 imperial bushels. 

In tliis manner the numbers in the following table were 
calculated. 
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iVbte. It very often happens . in the practice of gauging, that when 
the one given number ia set to the gauge point on ti^e sliding rule, the 
other given number will fall off the rule ; hence in many cases it will be 
necesBBiy to find a second, or new gauge-point. The second gauge-points 
are the square roots of ten times the divisors in the above table. Thus, 
for squares, the new gauge>point for imperial galtons is 52*65, for 
bushels 148*93 ; and for circles, the new gauge point for gallooi is 
59*42, for malt bushels 168*05. 
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PROBLEM II. 



To find ike area^ in imperial gallons, of any rectilineal plane 

figure. 

Rule. By the ruled given in Mensuration of Superficies, 
find the area of the figure in inches, which being divided by 
277*274, or multiplied by •0036065, will give the ar^a in 
gfdlons.* 

1. Suppose a back ac cooler in the fbrm of a parallelo- 
gram» to be 100 inches in length, and 40 m breadth ; re- 
quired the area in imperial gallons. 

100 X 40 = 4000 the area in inches, which divided by 
277*274 the quotient 14*426 =: the number of imperiid 
gallong ; or if we multiply 4000 by *0036065, the product 
1 4*426 is the number of imperial gallons as befiare.! 

OnA OdB OiAOnB 

As 277-274 : 40 : : 100 ; 14-4 nearly. 

2. If the side of a square be 40 inch^,. what is the area 
in imperial gallons ? Ana. 5'77 gallons. 

3. If the side of a rhombus be 40 inches, ' and its peipen- 
dicular breadth 37 inches ; required its area in wine gallons. 

Am* 5*41. 

4. What is the area of a square cooler, in imperiiii^ 
gallons, the side being 144 inches? Ans. 74*785. 

5. Allowing the side of a hexagon to be 64 inches, and 
the perpendicular from the centre to the middle of one of the 



* The ttreas of plane figures, in gauf^ng, fti« expressed in gallons, 
or bushels. For there will be as many solid inches in aay vessel of onu 
inch deep, as there are superficial inches in its base. What is called 
in gauging a surface or area, is in reality a solid of one inch deep, 
m\AA niultif^ed by the heigH ^^ give the whole oostent in gallons 
orbttsheU. 
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sides 55'42 inches; required its area in imperial gallpns, 
and malt bushels ? 



A ( 38-38 imperial gallons. 
'^^' \ 4-8 malt bushels. 



PfiOBLEM III. 

2%e diameter of a circular vessel being given in inches^ to 
Jind itfi area in imperial gallons^ Sfc* 

RuiiE. Multiply the square of the diameter by *002832 ; 
ordiyide the square of the diameter by 353*036, Uie product 
or quotient, will give the area in imperial gallons. 

When it is required to find the area in any other deno- 
mination than imperial gallons, use the proper multiplier 
or divisor for tfie required denomination, as given - in the 
table, page 206. 

1. The diameter of a circular vessel is 32*6 inches; re- 
quired the area in imperial gallons. 

(32*6)« = 1062*76. Then 

1062*76 X -002832 =r 3-01 gallons. 

Or, 1062*76 -J- 363^036 = 3*01 

BY THE SLIDING RULE. 

As 18*78 is the circular gauge-point for imperial gallons. 

On D On B On D On B 
As 18*78: 1 :: 32*6:3 

2. If the diameter of a circular vessel be 10 inches, what 
is the area in imperial gallons ? Ans. *283. 

3. Suppose the diameter of a circular vessel is 30 inches, 
what is its area in imperial gallons ? 

Ans. 2*548. > 

4. What is the area in imperial gallcms of ir round vessel 
whose diameter is 24 inches? ^n#. 1*631. , 
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PROBLEM IV. 



Given the transverte and conjugate diameter qf an ettqdieal 
vessely to find its area in imperial measure. 

Rule. Multiply the product of the two diameters by 
'002832 ; or divide the product of the two diameters by 
363*036; the product, or quotient, will give the imperial 
gallons required. 

When any other denomination is required, the proper 
multiplier, or divisor, in the table, is to be employed. 

1. Suppose the longer diameter of an elliptical vessel Is 
10, and die shorter diameter 6, required the area in ale and 
wine gallons. 

Here 10 X 6 = 60. 

Then 60 x -002832 = -17 of a gallon. 

2. The transverse, or longer diameter of an elliptical 
vessel is 20, and the conjugate, or shorter diameter 10 
inches ; what is the area in imperial measure ? 

Ans. '&^Q of a gallon. 

On A On B On A On B 

As 363 : 20 :: 10 : ^606 of a gallon. 

3. Suppose the transverse diameter of an elliptical vessel 
is 70 • inches, conjugate 60 inches ; required its area in 
imperial gallons, and malt bushels ? 

^"*'(l-24 malt bushels. 

Note, As Tessels are seldom or never made truly elliptical, being 
generally ovals, the area found by the above rule is not correct, except 
the vessel be a truly mathematical ellipsis ; when the vessel is of an oval 
fonoy the area is best found by the method of equi-distant ordinates. 

Let A B C D be the oval vessel whose area is required 
aQd let A B and C D be the transverse and conjugate dia- 
meters, »t right angles to each other, the former being 102*8 
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inches. Divide this transverse (102'8) by some even num- 
ber which will leave a small remainder, the quotient will be 
the distance of the ordinatea ; which dbtance may be laid 
ofF on both sides of the conjugate diameter a number of 
times equal to half the even number by which the trans- 
verse was divided ; then with chalk and a parallel ruler, draw 
the ordinates through the points 1, % 3, 4, &c. Then, by 
Problem XXI. Sec. III. the ^rea may be found, which 
being multiplied or divided by the proper tabular numbers, 
will give the area in gallons, &c. Or, 

lat. Add together the first and last ordinates. 

2d* Add together the even <«dinate8» that is, the % 4» 
6, 8, 10, &C. and multiply the sum by 4. 

3d. Add together the odd ordinates, except the first and 
last; that is, add the ordinates 3, 6, 7, 9^ &c. and multiply 
the sum by 2. 

4th. Multiply the sum of the extreme ordinates by their 
distance from the curve. 

5lh. Add the three first found sums together, and multiply 
the sum by the common distance of the ordinates, and to the 
product add the fourth found sum, and divide the total by 3, 
and the quotient resulting by 277*274, or 2218*192 for the 
area in imperial gallons, or malt bushels^ respectively. 
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Firm, 108-2 -f- 10 = 10 the distance of the ordinrtes 
asunder, and the remamder 2*8 is double the distance of the 
extreme ordinates irom the ciinre, that is, 1*4 =: A 1, or 
B 11. 

Now, let us suppose the lengths of the ordinates to be 
20, 40-2, 57, 66-6, 73, 75, 73, 66-6, 57, 40-2, 80, respec- 
tively beginning at 1, and proceeding to 11. 

ist i ^ = 2^ 
"'^ (11 =20 

40 inches, sum of the first and last. 
1-4 

56 

2 = 40-2 

4 = 66-6 

24.< 6 = 75-0 

8 = 66-6 

10 = 40-2 




260 X 2 = 520 



Then, 40+ 1154-4 +520= 17144 sum of first three sums. 

10 



17144 
56 

3)17200 



5733-3; then 

5733-3 -f- 277-274 = 2064 gallons. 
5733*3 -+ 2218-192 = 2-58 malt bushels. 
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When the vessel is not circular, or elliptical, it is best to 
measure the equi-distant ordinates, which though ever so 
unequal, will, by proceeding as above, serve to find the area 
of the base. Whenever the vessel is an irregular curved 
fiffure, the area should be invariably found by the method 
of equi-distant ordinates, as the true result cannot be found 
by any other method. 

4. What is the area, in imperial measure, of an ellips^t 
whose transverse axis is 24, and conjugate 18 ? 

Ans. 1*2234 gallons. 



PROBLEM V. 

To find the content of a prisma in imperial gallons. 

Rule. Find the area of the base, by Problem II. in 
Gauging, which being multiplied by the depth within, will 
give the content in gallons. 

Or, find the solid content by Mensuration, and divide 
that content by 277*274 for imperial gallons. 

A vessel, whose base is a right-angled parallelogram, 
is 49*3 inches in length, the breadth 36*5 inches, and the 
depth 42*6 inches ; required its content in imperial 
gallons? 

Here 49*3 X 36-5 X 42-6 = 76656*57. 

Thai 76656*57 -4- 277-274 = 276-465 gallons. 

And 76656-57 -r- 2218-192 = 34*558 malt bushels. 

BY THE SLIDING BULE. 

On B On D On B 

49-3 : 49-3 : : 36*5 : 42-42. 

OnD OnB On D 

^^'^ X • 42-6 • • 42-42 • / ^^'^ gallons. 
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2. Each side of the square base of a vessel is 20 inches, 
and its depth 10 inches, what is the content in old ale 
gallons? Aru. 14*28 gallons. 

. 3. The side of a vessel in the -form of a rhombus is 20 
inches, breadth 15 inches, and depth 10 inches ; required 
the content in old ale gallons. Ans, 10*638 gallons. 

4. What is the content, in old wine gallojis,of a vessel in 
the form of a rhomboid, whose longest side is 20 inches, 
breadth from side to side 8 inches, and depth 10 inches ? 

An^ 6*88 wine gallons. 

PROBLEM VI. 

To find the ctmUnt of any vessel, whose ends are squares, 
or reetanglesy of any dimensions. 

Rui£. Multiply the sum of the lengths of the two ends, 
by the sum of their breadths, to which add the areas of the 
two ends ; this sum multiplied by ^ of the depth, will give 
the solidity in cubic inches ; then divide by 277*274, or 
2218*192 for the content in imperial gallons, or malt bushels. 

1. Suppose the top and bottom of a vessel are parallelo- 
grams, the length of the top is 40 inches, and its breadth 
30 inches ; the length of the bottom is 30 inches, and its 
breadth 20 ; and the depth 60 inches ; required the contents 
in imperial gallons.. 

40 + 30 = 70 sum of the lengths. 
30 + 20 = 50 sum of the breadths. 



3500 product. 
40 X 30 = 1200 area of the greater base. 
30 X 20 =; 600 area of the lesser base. 



5300 

10 one-sixth of the depth. 



53000 solidity in cubic inches. 
Then, 53000 -rr 277*274 = 19 1-146. 
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V 

BT TBS SLIDING BCXiE. 

Find a mean proportional (v^ (40 X 30) = 34-64,) be- 
tween the length and breadth at the top, and a mean propor- 
tional ( v' (30 X 20) = 24-49,) between the length and 
breadth at the bottom ; the sum of these is 59*13, twice a 
mean proportional between the length and breadth in the 
middle. Then. 

OnD OnB On D On B 

f 34*64 • - "^ 

l&GS : ^>: > 24-49 i I '^"^ ^^^'^f '"^^P^ ^' 

" (59-13 : ) ^^'^• 

2. Suppose the top and bottom of a vessel are parallelo- 
grams, the length of the top is 100 inches, and its breadth 
70 indies ; the length of the bottom 80, and ks breadth 56, 
and the depth 42 inches j what is i1» content in imperial 
gallons ? Ans. 862-59 imperial gallons. 



THE GAUGING, OR DIAGONAL ROD. 

The diagonal rod is a square rule, having four faces, -and 
is generally 4 feet long. It folds together by joints. This 
instrument is employed both for gauging and measuring 
casks, and computing their contents; and that irom one 
dimension only, namely, the diagonal of the cask, or tlie 
length from the middle of the bung-hole to the meeting of 
the cask with the stave opposite the bimg ; being the longest 
line that can be drawn from the middle of the bung-hole to 
any part within the cask. 

On one face of the rule is a scale of inches for measuring 
this diagonal ; to wludi are placed tlie areas, in ale gallons, 
of circles to the corresponding diameters, in like manner as 
the lines on the imder sides of the three slides in the sliding 
rule. 

On the opposite face, there are two scales t)f ale and wine 
gallons, expressing the contents of casks having the corres- 
ponding diagonals. 
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AU the other lines on the ingtrument are similar ilo thcMt 
on the sliding rule, and are used in the same manner. 

Exon^. The diagonal, or distance between the middle 
of the bung-hok to the most (fistant part of the cask, as 
found by the diagonal rod, is 34*4 inches : what is llie con* 
tent in gallons ? 

To 34*4 inches correspond, on the rod, 90| db gallons, 
or 111 wine gallons, 92^ in^erial gallons, the content 
required. 

Note. The contents shown by the rod answer to &e most common 
form of casks, and fall in between the 2nd and 3rd vaneties following. 

OF CASKS AS myiDBD INTO VARISTIES. 

Casks are usually divided into four varieties) which are 
easily distinguished by the curvature of their sides. 

1. The middle frustum of a spheroid belongs to the first 
variety. 

2. The middle frustum of a parabolic spindle belongs . to 
the seoofid variety. 

3. The two equal frustums of a paraboloid belong to the 
third variety. 

4. And the two equal frustums of a cone belong to the 
foiurth variety. 

If the content of any of these be found in indies by their 
proper rules, and this divided by 277-274, or 221 &2, the 
quotient will be the content in imperial gallons, or buiMtf, 
respectively. 

PROBLEM VII. 

To find the content of a vessel in the form of the frustum 

of a cane, 

RtTLS. To three times the product of the two diameters, 
add the square of then: difference ; multiply the sum by J of 



216 OAtJonra. 

thedqith) and divide the product by 353*0362 for imperial 
gallons, and by ^824*289 for malt bushels. 

1. What is the content of a cone's frustum, whose greater 
diameter is 20 inches, least diameter 15 inches, and depth 
21 inches? 

20 X 15 X ,3 = 900 

20— 15 = 5 &5* It: 25 



925 X 7 = 6475. Then 
, 353-0362)6475(1 8-34 imperial gallons. 

294- 12)6475(22-01 wine gallons. 

2. The greater diameter of a conical frustum is 38 inches, 
the less diameter 20-2, and depth 21 inches; what is the 
0(Nitent in old ale gallons ? Ans. 51*07 gallons. 



PROBLEM VIII. , 

To find the content of the frustum of square pyramid* 

RtTLE. To three times the product of the top and bottom 
sides, add the square of their difference, multiply their sum 
by ^ of the depth, and divide the product by 282 and 231, 
for old ale and wine gallons, respectively ; and by 277*274, 
for imperial gallons, 

1. Suppose the greater base is 20 inches, the less base 15 
inches, and depth 21 inches ; required the content in old 
wine measure. 

20 X 15 X 3 = 900 
20—15=5 
Then, 5 X 5 = 25 



925 X 7 -r- 231 ^ 27*8 gallons. 

Note, The content of the (ruBtum of a pyramid is found just tike 
that of a cone, with the exception of the tabular divisor, or multiplier, 
the cone requiring the circular factor, and the pyramid the square one. 
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PROBLEM IX. 

To find the content of a globe. 

Rule. Multiply the diameter of the globe by its circum- 
ference, and the resulting prod,uct by f of the diameter ; 
then the la^t product multiplied or divided by the circular 
factor, will give the content in gallons. 

1. Let the diatneterbe 3*4 itlches, what is its content ? 
34 X 34 X 34 X -5236 = 20579-5744. 
Then, 20579-5744 -^ 282 = 72-9772 old ale gallons- 
And, 20579-5744 ^ 231 a? 89*08 old wine gallons. 

RuiiE II. Or cube the diameter of the globe, which 
multiply by -OOlSSa (f of -002832) for the- content in i!»- 
perial gallons. 

34« = 39304 ; then 39304 X -001 88^ = 74-2 imperial gallons. 

2l WlufI ia the content of a glebe in old eip and wine 
mtfftsure^ the diameter being. 20' inches? 

.J I4-S48 eld ale gftllohis. 
"^^^ \ 18-128 old wine gattons. 

3. Required the content of a globular vessel, whose 
diameter is 100 inches? 

Arts. 1888^ imperial gallons. 

PROBLEM X. 

To find the content of the segn^ent of a sphere, as the rising 

cfown of a copper stUf, 4*^. 

r 

I 

I 

Ruus. Measure the diameter, or chord of the segment, 
and the altitude just in the middle. Multiply the square of 
kdf the diataidter' % d ;• tiD the product add th^^ ^ifof 6 of the 
akilhade; ttitritip($i> thi« sum bv the altitude, and theproddet 
iga)Aby'-00i£l56)' er-Ooas^v^r e]d< ai^ or wineffiettStO*^/ 
respectively, and by 001888 for impeHbl gailons.- 
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GAUGING. 



1 . The diameter of the crown of a copper still is 27*6 
its depth 9*2 ; required its content. 

Here 27-6 ^ 2 = 13-8. 
Then 13-8 X 13-8 X 3 = 571-32 

9-2 X 9-2 = 84-64 



656'96 sum. 
9-2 depth. 



imperial gallons. 



6034-832 X '001888 = 13-39 



PROBLEM XI. 

To gauge a copper having either a concave or convex bottom ; 
or w hat is called a falling bottom^ or rising croton. 

Rule. If the side of the vessel be straight with a falling 
bottom, find the content of the segment C y D, by Prob. X ; 
find also the content of the upper part A B D C, by Prob. 
VII ; the sum of both will give the content of the copper. 




^^D 




When the copper has a rising crown, find the content of 
A B C D, by Prob. VII, from which deduct the coiHent of 
the segment C of D, and the remainder will be the content 
of the vessel A B D 4r C. 
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PROBLEM XII. 

To gatiffe a, vessel whose side is curved Jrom top to bottom. 

Take the diameters at equal distances of 2, 3, 4, or 5 
inches, according as the case may require ; if the side of 
the vessel be considerably curved, the number of diameters 
that will be required will be considerable ; the less the cur- 
vature of the side, the less the number of diameters that 
will be required. 

To gauge the vessel,* or copper, AB D C, fasten a piece 
of pack-thread at A and B, as A F B ; then with some con- 



venient instrument find the distance a C of the deepest part 
of the copper, which let us suppose to be 47 inches. 

By means of the same instrument measure the distance 
o F from the toip of the crown to F the middle of A B ; which 
let us suppose to be 42 inches, this deducted from a C, 47, 
will leave 5 (= o G) the height of the crown. 

To Jind the diameter CD^ of the bottom of the crown. 

Measure the top diameter A B, which suppose to be 99 
inches: then hold a thready, so that a plummet attached to 
the end thereof, may hang just over C, and measure A a z= 
B £, each of which let us admit to be 17*5 inches ; add 
these together, and deduct their sum (35) from 99^ and the 
remainder (64) will evidently be equal to C D, the diameter 
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<Munsaii«. 



at the bottom of the crown. Measure the diameter m o n^ 
which touches the tep of di& afewi^ which suppose is 65 
inches. 

Now as this copper Ts not considerably curved, the £a- 
metert may be taken, in the* middle of every 6 indbes of the 
depths whieh si^)po8e to be a& in the second column of the 
fbllowlng table ; to eaeh diameter find the area, in imperial 
gallons, by Prob. III. which write in tbe third colnma; find 
alse the content of ev«ry 6 inches,, corresponding ta these 
diameters, which write in the fourth column of the table ; 
lastly, find the. content of the crown by Prob. X. and sub- 
tract it from the content of A B D G C, the remainder 
will give the capacity of the copper. 

Or thus,. C D being 64 inches*, the ar£a. answering to it 
is 11*6022, this, multiplied by half the altitude of the 
crown, viz. by 2*5, gives 29'0055 gallons, the content of the 
crown. The content of the part m n D C is 58*9222 gal- 
lons, firom which the content of the crown being deducted, 
the remainder (29*9167 gallons) is the quantity of liquor 
which covers the crown* 



Parts of 



6 
6 

6 
6 
6 

6 



•». 



piameten. 



95*3 

90*1 

85- 

80* 

75-2' 

70-5 






Areas. 



25*7257 
22*99^ 
20*4653 
18*1284 
r6K)183 
14-0786 
1»83B7 



Content of 



The siun 

To cover crown 



The whole content 



154*3542 
137*9688 
122«7918 
108-7704 
96'r098 
84-4716 



778-4988 
29-9T6r 



808-4155. 



V 
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PROBLEM XIIL 

To find the content of any close ^ask. 

Whatever be the form of the cask, the following dimen- 
sions must be taken ; that is, 

The bung diaxneter, 1 

The head diameter, > within. 

The length of the cask, j 

On account of the difficulty in ascertaining the figure of 
the cask, it is not, in many cases, easy to find the exact 
contents of casks. , 

In taking the dimensions i)f 4i cask, it is essential that the 
bung-bole -be m the miMle ^ the cask, and also, that the 
bung-stave, and the stave opposite to it, are both regular and 
even within. 

It is likewise essential that the h^ads of casks are equal 
and truly circular ; and if so, the distance between the in- 
side of the chimb to the outside of the opposite stave, will be 
the head diameter within the cask, nearly. 

From the variety in the forms of casks, no general rule 
could be given to answer every form ; two casks may have 
equal head diameters, equal bung diameters, and equal 
lengths, and yet tbeir contents may be very unequal. 

PROBLEM XIV, 

To find the content qf a cadi of the first variety, 

R^LB. To the square of the head diameter, add double 
the square of the bung diameter ; and multiply the siun by 
the length of the cask. Then multiply the last product by 
•0009f, or divide by 1059'1> the product or quotient will be 
the content in imperial gallons. 

1. What is the ooBtent of a sphe- 
roidal cask, whose length is 40 inches, 
knmg diameter dS inches, and head 
diameter 24 inches. ? 
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24 X 24 = 576 
32 X 32 = 1024 

2 



2048 
576 



2624 X 40 = 104960 

•0009| 

944640 
34987 
11662 



99*1289 imperial gaHons. 



BY THB QAUGING BULB. 

Set 40 on C^ to the G R 18-79 on D, against 
24 on D, stands 64-99 on C, 

32 on D, stands 116*2 on C, 

+ 116-2 



3)297-39 



99*13 gallons. 

2. What is the content of a spheroidal cask, whose length 
is 20 inches, bung diameter 16 inches, and head diameter 
12 inches? 



^ (12-36 old ale gallons. 
^^' \ 14-869 old wine gallons. 



To find the conient of a cask by the mean diameter. 

KuLE^ Multiply the difference of the head and bung 
diameters by -68 for the first variety ; by -62 for the second 
variety ; by -55 for the third ; and by -5 for the fourth, when 
the difference between the head and bung diameters is less 
than 6 inches ; but when the difference between these exceeds 
6 inches, multiply that difference by •? for the first variety ; 



OAUOINO. . 223 

by '64 for the second ; by '57 for the third ; and by '52 for 
the fourth. Add this product to the head diameter, and the 
sum will be a mean diameter. Square this mean diameter, 
and multiply the square by the length of the cask ; this pro- 
duct multiplied, or divided, by the proper multiplier, or 
dirisor, will give the content. 

■ 

By resuming the last example but one, we have 

Bung diaitieter 32 29*6 mean diameter. * 



Head diameter 24 


29-6 


8 

•7 


876' 16 square. 
40 length. 


5-6 
24 


359-5)35046-40 

97'6 gallons. 



mean diameter 29*6 



In the same manner the content for the second variety 
will be 94*46 ale gallons; for the third variety 90*87 ale 
gallons ; and for the fourth variety 83-34 gallons. 



PROBLEM XV. 

Tojhtd the content of a cask of the second variety. 

Rule. To the square of the head diameter, add double 
the square of the bung diameter, and from the sum deduct 
f- of the square of the difference of the diameters ; multiply 
the remainder by the length, and the product again by 
•0009| for the content in imperial gallons. 

I. What is the content of a cask, 
whose length is 40 inches, bung dia- 
meter 32 inches, and head diameter 

24 inches ? 
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32 ^ 24 « «; then «« :=: 64, bi><I f of 64 » 25^6 
24« s: 676, ftnd 32* 5= W24, then 1024 X 2 :;: '2043 
2048 + 676 {5= 2624, and 2624 -- 25^ s= 2698-4 

40 



103936 
103936. X -00094 = 98'1617 gallons. 

PROBLEM XVI. 

To ^nd the conteiU of a cask of the third variety. 

Rule. To the square of the bung diameter, add the 
square of the head diameter ; multiply the sum by the length, 
and the last product t>y -001416 for the answer in imperial 
gallons. 

Let us renune th^ last example : thus 
32* = 1024 
242= 576 



1600 X 40 = 64000 
-001416 




90-624 imperial gallons. 

PROBLEM XVII. 

To find the content cf a cast tf Ae fourth variety. 

Rule. Add the sqiiare of the difference of the diameters, 
to 3 times the square of their sum ; multiply the 3um by the 
length, and the last product by -000236 for the content in 
gallons. 

Resuming still the la^t es:jimple» 32 
+ 24 = 56, and 56* X 3 = 3136 X 
3 = 9408, and 8"^ = 64, then 9408 
+ 64 ;== 9472 ; then 9472 X 40 s= 
378880, and 378880 X -000236 cr 
89'41668 imperial gallons. 
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PROBLEM xynr. 

r 

To find the ccmJbetiJtof amy caA ky Doctor HuttonkS general 

Rule. Add into one msm, 39 times the square of the 
bung diameter, 2& time$ the square of the head diameter* 
and 26 times the product of the two diameters ; then multiply 
the sum by thie lebgthy and the product tigain by '00031|[ 
for the content in gallons. 

1. What is the content of a cask, whose length is 40 
inches, and the bung and head diameters 32 and 24 ? 

322 -- 1024 24^ = 576 32 x 24 = 768 

39 25 26 



39936 14400 19968 

14400 

19968 



74304 X 40 = 2972160 

•00031* 



93-4579 gallons. 



ULLAGING. 



PROBLEM XIX. 



To ullage a lying cash. 



This is the finding what quantity of liquor is contained in 
a 'cask when partly empty. 

To ullage, a lying cask, the wet and dry inches must be 
known, AS also die content of the cask and bung diameter. 

L 8 
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Rule. Take the wet inches, and divide them by the 
bung diameter ; find the quotient in the column of versed 
sines, in the table at the end of the 
practical part of this book, and take out 
ifs corresponding segment; multiply 
this segment by the whole content of { 
the cask, and the product arising by 
1^ for the ullage required, nearly. 

1. Find the ullage for 8 wet inches, the bung diameter 
being 32 inches, and the content 92 ale gallons. 

32)8(.25 whose tabular segment is *153546. 

Then -153546 X 92 = 14-126232. 
And 14-126232 X H = 17-65779 gallons. 



PROBLEM XX, 
To ullage a standing cask^ 

Rule. Add together the square of the diameter at the 
surface of the liquor, the square of the diameter of the 
nearest end, and the square of double the diameter taken in 
the middle between the other two ; multiply the sum' by the 
length between the surface and nearest end, and the product 
arising by *000472 for the gallons in the less part of the 
cask whether empty or filled. 

1. What is the ullage for 10 wet inches, the three dia- 
meters being 24, 27, and 29 inches ? 

24« = 576 43330 

292 -- 841 -000472 

(2X27)« = 2916 

86660 

4333 303310 

10 173320 



43330 20-45176 gallon?. 
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PROBLEM XXI. 

To find the co/Ueni of an ungula, or fu)of, of the frustum 

of a cone. 

Rule. For the less hoof, multiply the product of the less 
diameter and height, by the product of the greater diameter 
multiplied by a mean proportional between both diameters, 
less the square of the less diameter, and this last divided by 
three times the circular factor multiplied by the difference 
of the diameters, gives the content of the less hoof. 

1. C D = 30, A B = 40, C rf =t= 
20, required the content of the less ^i 
hoof. 
40 X 30 = 1200, and V 1200 

== 34*6 mean. 
30 X 20 = 600, 1st product. 
40 X 34-6= 1384, 2d product. 
30 X 30 = 900 

484 remainder. 

484 X 600 = 290400 
40 — 30 = 10, then 359 X 3 X 10 = 10770, and 

290400 -rr 10770 = 26-96 gallons. 

« ^^ 

Rule. For the greater hoof multiply the product of the 
greater diameter and the height of the frustum, by the 
square of the greater diameter made less by the product of 
the less diameter multiplied by a mean proportional between 
those diameters; this remainder, divided by three times 
the circular divisor multiplied by the difference of the 
diameters, gives the content of the greater hoof. 

Resuming the last example, we have 

40 X 40 = 1600 

20 X 40 = 800 1st product. 

40 X 30 = 1200, and V 1200 = 34'6 

34-6 X 30 = 1038 2d product. 

40 — 30 = 10. 
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Then 1600—1038 = 562 

800 



359 X 3 X 10 = 10770)449600 last product. 

41*74 old ale gallons. 

PROBLEM XXII. 

To goMge a ftUl* 

Fni the still with water, and draw it off in another vessel 
of some regular form, whose content is easily computed. 
This is by far the most accurate method that can be em- 
ployed. 

Or gauge the shoulder by itself, and gauge the body by 
taking a greater number of diameters at near and equal dis- 
tances throughout, first covering the bottQm> if there be any 
cavity, with water, the quantity of which is known. 
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SECTION XL 



LAND SURVEYING. 



Land surveying is that art which enables us to give a true 
plan or representation of any field or parcel of land, and to 
detensnine the superficial conjtent thereof. 

Jn measuring land, the area ior superficial content is always 
expressed in acres, or m acres, roods, and perches; each 
acre containing 4 roods, and each rood 40 perches. 

Land is measured with a chaiHv called Gunter's cfaaiiiy of 
4 poles or 22 yards in length, which consists of 100 equal 
linls, each link being ^^ of, a yard long; or ^q of a ^t^ 
or 7*92 inches. 10 square chains^ or 10 chains in lengt)i 
and 1 in breadth, make an acre ; or 4840 square yards, loO 
square poles, or 100,000 square links make an acre. The 
length of lines measured with a chain, are generally set down 
in links as integers ; every chain being 100 links in length' 
Therefore, after the content is found, it will be in square 
llnkd, and as 100,000 square links make an acre, it will be 
necessary to cut off five of the figures on the right-hand for 
decinials, and the rest will be acres. The decimals are 
reduced to roods by multiplying by 4, and cutting off five 
figures as before for decimals, which decimal part is reduced 
to perches by multiplying by 40, and cutting off five figures 
firom the product. As an example : 

Sum)ose the length of a rectangular piece of ground to 
be 792 links, and its breadth 385 ; required the niunber of 
acres^ roods^ and perches it contains ? 
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792 

385 


3-04920 
4 


3960 
6336 
2^76 


•19680 
40 


^«J f \J 


7*87200 


304920 


t \J i ^t\J\M 


A. B. P. 

Ana. 3.0.7. 



The statute perch is 5^ yards, but the Irish plantation 
perch is 7 yards ; hence the lengtii of a plantation link is 
10-08 inches. 

PROBLEM I. 

To measure a lincy or distancBy on the ground^ two persons 
we employed, the foremosiy for the sake of distinction^ is 
called the leader^ and the hindermost^ the follower. 

Ten small arrows, or rods, to stick in the ground at the 
end of each chain, are provided ; also some station-staves, 
or long poles with coloured flags, to set up in the direction 
of the line to be measured, if there do not appear some marks 
naturally in that direction. 

The leader takes the 10 arrows in one hand, and one end 
of the chain, by the ring, in the other ; the follower stands 
at the beginning of the line, holding the ring at the end of 
the chain in his hand, while the leader drags forward the 
chain by the other end of it, till it is stretched straight, and 
the leader directed by the follower, by moving his hand, to 
the right or left, till the follpwer see him exactly in ^ line 
with ^e mark or direction to be measured to ; then both of 
them holding the chain level and stretched, the leader 
Uticks an arrow upright in the ground, as a mark for tlie 
follower to come to, and advances another chain forward, 
being directed in his position by the follower standing at tlie 
arrow, as before, as also by himself, now and at every 
succeeding chain's length, by moving himself from side to 
side, till the follower and bac^-mark hi*, in ;i ciiroct line. 
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Havinff then stretched the chain, and stuck down an arrow, 
as before, the follower takes up the arrow, and thus they 
proceed till the 1 arrows are employed, or in the hands m 
the follower, and the leader, without an arrow, is arrived at 
the end of the eleventh chain-length. The follower then 
sends or brings the 10 arrows to the leader, who puts one of 
them down at the end of his chain, and advances with his 
chain, as before. And thus the arrows are changed from 
one to the other at every 1 chains' length, till the whole 
line is finished, if it exceed 10 chains ; and the number of 
changes shows how many times 10 chains the line contains, 
to which the follower adds the arrows he holds in his hand, 
and the number of links of another chain 'over to the mark 
or end of the line. Thus, if the whole line measure 36 
chains 45 links, or 3645 links, the arrows have been changed 
three times^ the follower will have 5 arrows in his handy the 
leader 4, and it will be 45 links firom the last arrow, to be 
taken up by the follower, to the end of the line. 

In works on Surveying, it is usual to describe the various 
instruments used in the art. The pupil, however, will best 
learn the use of these instruments when actually engaged in 
the practice. The chief instruments employed are the chain, 
the plain table, the theodolite, the cross, the circumferentor, 
the off-set staff, the perambulator, used in measuring roads, 
and other great distances. 

Levels, with telescopic or other sights, are used to find 
the levels between two or more places, or how much one 
place is higher or lower than the other. 

Besides all these, various scales are usted in protracting 
and measuring on paper ; such as plane scales, line of 
chords, protractor, compasses, reducing scales, parallel and 
perpendicular rulers, &c. 

THE I*I£L1> BOOK. 

In surveying with the plain table, a field-book is not 
required, as everything is drawn on ^he table immediately 
when it is measured. But when the theodolite, or any other 
instrument is used, some soit of a field-book is used in order 
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to rfi^i^ter all th^ is done relative to the ^urv^ey* m IiaimIc 
This book every one contrives aod rules as he thinks fit» It 
is, however* usmally divided into tbr^ cpliuiins The middle 
0o)uii9ii contiuos the dxSetev^ distAuces on the chatn^line, 
m^&h bearings, &c. and the columns on the right aod left 
are ftv the o&ets on the right sind left^ which are set against 
tlieir corresponding distances in the middle column; as a^so 
for sxuik remarks as may occur^ and may be proper to note 
in drawing the plan; such as faousesy ponds, castles> churches, 
rivers, trees, &c» &c. 

But in smaller surreys, an excellent way of setting down 
the work, is to draw by the eye, on a piece of paper, a 
fi^re resembling that which is to be measured ; and then 
write the iJUmensions, as they are £nind, against the corre&- 
ponding parts of the iigmre. This method may be practised 
even in larger surveys, and is far soperior to any other at 
present practised. A speohn^ of this plan will be seen 
furtho on 
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FORM OF THE FIELD BOOK. 



1 




. 






Stations, 


1 




Offsets and remarks 


BearingSi 


O^ts and reiM^rks 




on the left 


and 


on tbe right. 






Distances. 


1 






D 1 






• 1 


144^25' ' 








00 






Cross a hedge 24 ^ 


67 


Brown's barn. 




a brook 30 


120 






• 


734 


A 






954 


Tree. 






736 


67 stUe. 






82 




J 




62^25' 


) 


- 




00 






House corner 61 


40 






« . ♦ • 


S7 


. I 




Foot-path 15 

1 


84 
95 


44 




' 


467 


14 Spring. 






976 








D 3 ) 
54- 17' 




1 


1 


«2 
124 


20 Pond. 




Claytoo's hfdge 24 


630 








767 


V 






767 
305 


30 Stile. 




t 


760 
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In this form of a field-book D I is the first station, where 
the angle or bearing is 104° 25'* On the left, at 67 links in 
the distance or principal line, is an offset of 24 ; and at 120 
an ofiset of 30 to a brook on the right : at 67 Brown's bam 
is situated ; at 954 is an offset of 20 to a tree, and at 736 
an ofiset to a stile. 

And so on for the other stations. 

A line is drawn under the work, at the end of every sta- 
tion, to prevent confusion. 

PROBLEM 11. 
To take angles and bearings. 

Let it be required to take the bear- 
ings of the two objects B, C, from the 
station A. 

In this Problem it is required to 
measure the angle at A, formed by 
'two lines, passing from the station A, through two objectss 
B and C. 

1. J9y measureMeiU with the cAoiii, Sfc* 

Measure, with the chain, any distance along the two lines 
A B, AC, at A 6, A c ; then measure the distance b e ; and 
this being done, transfer the three sides of the triangle Abe 
to paper, on which measure the angle c A 6, as in r/oblem 
XV. Practical Geometry. 

2. WUh the magnetic needle and compass. 

1 

Turn the instrument, or compass, so that the north end of 
the needle may point to the flower-de-luce. Then direct the 
slights to a mark at B, noting the degrees cut by the needle. 
Next direct the sights to another mark at C, noting the de- 
grees cut by the needle, as before. Then their sum or 
difierence, as the case may be, will give the number of de- 
grees in the angle CAB. 
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3. JVith the theodolitBy SfC* 

Direct the fixed sights along the line A B, by turning the 
instrument about till you see the mark B through these sights, 
and in that position screw the instrument fast. Then turn the 
moveable index about till, through its sights, you see the other 
mark C. Then the degrees cut by the index, on the gra- 
duated limb or ring of the instrument, show the number of 
degrees in the angle CAB. 

4. Wiih the plain table* 

leaving covered the table with paper, and fixed it on its 
stand, plant it at the station A, and fix a fine pin, or a point 
of the compass in a proper point of the paper, to represent 
the station A. Close by the side of this pin, lay the fiducial 
edge of the index, and turn it about, still touching the pin, 
till one object B can be seBn through the sights ; then by the 
fiducial cage of the index draw a line. By a similar process 
draw another line in the direction of the object C. And it 
is done. 



PROBLEM III. 

To measure the offsets. 

Let Abed efg be a crooked hedge, river, or brook, &c. 
and A G a base line. 

Begin at the point A, and measure towards G ; and when 
you come opposite any of the corners 6 c «?, &c. which is 
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ascertained by means of the cross-staff, measure the offsets 
Bbf CCfDd, &c. with the chain,. and jegiater the dimension, 
as in the annexed iield-'boofc. 

FIELD BOOK. 



91 

57 
98 
70 
84 
62 < 


785 = A G. ' 

€34 

51t) 

340 

220 

. A&- ' ■ ' 

D A go North. 


t 


Ofisets 
Left. , 


1 . ' " i 
Base line A G« or i 
Q Station. 


0£&ets 
Bight. 



7b lay 4oum the plan. 

Braw tiie ite« A G-crf «« in<lcfiftite length; then by a 
diagonal scale, set off A B equal to 45 links ; at B erect the 
perpendicular B b equal to 62 links taken from the same 
scale. Next set off A C equal to 220 links, or 2 chains 20 
links, and at C erect (be t^ perpendicular C c, equal to 84 
links, in the same way set off A C equal to 340 links, or 3 
chains 40 links, and at D erect the perpendicular D d equal 
to 70 links. Proceed in a similar manner with the remain- 
ing o^&ets, and straight lines joining die points A,^»C} d, e, 
&c. will complete the figure. 



To find the content. 

Some authors direct to add up all the perpendiculars B 6' 
C c, &c. and divide their sum by the number of them, then 
multiply the quotient by the length A G. This metliod, 
however, should never be used, expept when the offsets B 6, 
C c, &c. are equally distant from each other. 
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When the ^sels ave imt eqwaflff dSdtant from each ofher 
which indeed is generally the case, th» method ig erroneous ; 
therefore the following method ought to be employed. 

Find the content of the spsLoe AB5 as a triangle, by 
Problem V. Section 11. Find the cmitients of the figures 
B C c ft, CD dcy&c. as trapezoids^ by Problem XIII. Sec- 
tion II. the sum of all tjbese separate results will be the con- 
tent of the figure A Ggfedcb A. 

The actual calculation is as; follows r 

GALeULATION. 



AB z= 45 
b6 = 62 

90 
270 

2790 



AC zz 220 
AB=: 45 

BC=176 

b6= ge 
cc= 84 

Sum 146 
bc=175 



Prod. 25550 



AD = 340 
AC = 220 

CD=120 

cc= 84 
Drf= 70 

Sum 154 
CD=:120 

18480 



AE = 510 
AD = a40 

DE=iro 

Drfsr 70- 
Ee=z 98 

Sum 168 
DE=170 

• ■*■»« I* 
28560 



AP=634 
A£=s510 

EF=124 

E«= 98 
F/= 67 

Sum 155 

EF=124 

19220 



■«i^ 



AG =784 
AF=634 

GF=151 

F/= 67 
Gg= 91 

Sum 148 
FG=161 

22348 



These respective products are evidently double the true 
contents of the respe€«iv«> §igutB^ A B ft, B C c ft, CD dc 
&c. that is, * 

.279Q = double area of A B ft. 

25550 1= double area of B? C c*^ 

1 8480 r= double amft of C DjS 4i 

28560 = double areao^ D Eew?^ 

19^220 = double areaof E F/a 

22348 = double area, of F Ggjl 

a) 116948 = double area of thewhdb in Mjuare lixksi 
dd4t74i;± area;in,8aiiaKe]fRks« , 



•58474 = area in acres = 6a. 2b. 13-5584p. 
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2. Required the plan and content of part of a field, from 
the following field-book : 



AC 45 


62 Ci^ 


Ac; 220 


84 d i 


A tf340 


70 e k 


A/510 


88/ I 


A ^634 


67 gm 
91 Bfi 


A B 785 



PROBLEM IV. 



Ans. Oa. 2r. 12. 




To measure a Jieid of a triangular form, 
L JBt/ the chain. 



Set up marks at the three cor- 
ners A, B, C, and measure, with 
the chain, t^e distance A D, D being 
the point at which a perpendicular 
demitted from C, would meet the 
line A B ; measure also the distance 
D B ; hence ydu have the measure 
of A B. Next measure the perpen- 
dicular D C ; then from the two dimensions A B and D C; 
the content may be fousd by Problem IV. Section IL - 
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Let A D = 794, A B == 1321, D C = 826 links. 

1321 X 826 -^ 2 =z 545573 links. 

Then 545573 ^ 100000 = 5.45573 acres. 

45573 X 4 = 1-82292 rood. 

82292 X 40 = 32-91680 perches. 

Hence the answer is 5a. 1b. 33p. nearly. 

2. What is the area of a triangular field, whose base is 
12*25 chains, and height 8*5 chains? 

Ans. 5a. Or. 33p. 

2. By taking one or more of the angles. 

Measure two sides A B, AC, and the angle A, included 
between them ; then half the continual product of the two 
sides, and the natural sine of the contained angle will give 
the area.* 

Or, measure the two angles A and B, and the adjacent 
side A B, from which the figure may be planned, and the 
perpendicular C D found, which perpendicular being mul- 
tiplied by half the base A B, wUl give the area. Or by 
measuring the three sides of the triangle, its area may be 
found by Problem V. Section II. 

PROBLEM V. 

!• J9y the chain. 

To survey a four^sided Jidd. 

Measure the diagonal A C, and, as before directed, mea- 
sure the perpendiculars D £ and B F ; then the area of each 




« See Appendix, Demonstraiioa 12. 
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of the trkfigles A9C> AB Cmsly befcund^ as- in t&e last 
Problem, and both aFeai^ being axlde^ together^ will give the 
content of 1§*e Ibur-sided figtiarc A B C 6. 

1. Let A C = 5^2, D E = 210, B F = 306 links. 
592 X 210 2s 124320 dodble'aireft.of AI>C. 
5d2 X 3D6s= 1^1152 double area of A &C. 



•^mt^^t^^ 



2)305472 double area of A B C D. 



1-52736 = area of AB CD. 
4 

2-L0944 
40 



4-377'60 
Hence 1 a». 2k. 4f. the answer; 



^. J9jf taking one' ot more of Me angUss, 

Measure the diagonal AC, also^ the sides: AD asul AB. 
Next measure the angles D A C and BAG: then the area 
of each of the triangles^ ABCaod' AD C may be found by 
case 2, last problem. 

2. Required the plan and coiltefit df a field by the follow- 
ing field-book : 

:frEiLD»Boox. 



342 


1360 = AB. 
1190 
600 
D D go East. 


625 


Offsets 

Left. 
— 1 — 


Station n, 
or base line 


Ofisets 
Right. 




Ans. 6b. 2b. 12p. 
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3. How many acres mre there in a four-sided field, whose 
diagonal is 4*75 chains, and the two perpendiculars falling 
oB it, from its opposite angles, 2*^ and 3*6 chains, respec- 
tively? ' Ans. 1a. 1». 22*3p. 



PROBLEM VI. 

To survey a field of many sides by the chain only. 

Let A B C D E F G be the field whose content is required. 
Set up marks at the corners of the field, if there be none 
there naturally. Consider how the field may be best divided 




into trapeziums and triangles ; measure them separately, as 
in the two last Problems ; and the sum of all the separate 
results will give the; area of the whole field. 

In this way of measuring with the chain, the field 8houl4 
be divided into trapeziums and triangles, by drawing diago- 
nals from comer to comer, so that all the perpendiculars 
may be within the figure. 

The last figure Is divided into two trapeziums A B C G, 
G D E F, ahd the triangle G C D. In the first trapezium 
measure the diagonal A C, and the two perpendiculars G m 
and B n. In the triangle G C D, measure the base G C, 
and the perpendicular D q. Finally, measure the diagonid 

M 
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F D, and the two perpendiculars 6 o and £p. Having 
drawn a rough figure resembling the field, set all these mea- 
sures against the corresponding parts of the figure. Or set 
them down thus : 



CALCULATION. 

130 + 180 = 310, 550-^2 =275, 
275 X 310 = 05250 = A B C G. 

440 X 230 -r- 2 = 50600 = 
CGD. 

120 + 80 = 200, 520 -T- 2 = 260, 
260 X 200 = 52000 = D EF G. 



130 mG 
180 nB 



Aw 135") 
A» 415S- 
AC 550) 

C ^ 152 ) ooA ^ n 
C&440r^^ ^^ 



Yo 206 



120 oG 



Fp 288 V*"" "^ 
F D 520 C SO p E 



1-87850 = ABCDEFG. 
4 



3-51400 
40 

20-56000 



lA. 3b. 20'56p. Ans. 



Other methods will naturally present themselves to an 
ingenious practitioner who has read the preceding part of 
this work, or who has been previously acquainted with the 
•principles of Mathematics. Every surveyor ought to be wc;!! 
acquainted with Plane Geometry at least. This, with a 
knowledge of Trigonometry, would be sufficient for the pur- 
pose of most surveyors. 

The content of the last figure may be fi)und by measuring 
the sides AB, BC, CD, D E, E F, F G, G A; and the 
diagonals A C, C G, G D, D F, by which the figure is 
divided into triangles, the content of each of which may be 
found by Problem V. Section II. 
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2. Required the plan and content of a field of an irregular 

Jbrm from the foUfnioing 



FIELD-BOOK. 



268 


900 = E G 
550 
a F, go S.W. 




280 


1100 = HE 
790 
350 
a H, go East. 


410 


140 


1180 = CH 
710 
350 
D C, go S.W. 


280 


200 


900 = A C 
430 
300 
n A, go S.E. 


450 


Offsets 
Left. 


Stations, a, or 
Base LiPes. 


Offsets 
Right. 




F;:^i; 



Am. 10a. 1r. 24-64P. 

PROBI^EM Vir. 

To survey a field with the Theodolite, Sfc, 

1. Frdm one point or station. 



When all the angles can be seen from one point, as 
suppose C. 
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Having placed the instrument at C» turn j^^ 
it about till, through the fixed sights, the 
mark B may 'be seen. Fixing the itistni- 
ment in this position, turn the moveable^^ 
index about, till the mark A is seen through 
the sights, and note the degrees on the in- 
iktrument. In the same manner, turn the 
index successively to the angles £ and D, taking care to 
note the degrees cut off at each ; by which you have, all 
the angles, viz. B C A, B C £, B € D. Now, having obtai&ed 
the angles, measure the lines C B, € A, C E, € D $ e nterin g 
the respective measures against the corresponding part of a 
rough figure, drawn to resemble the figure. 



2. By going round the JieUL 

Set up marks at B, C, D, &c* Place the instrument at 
the point A, and turn it about tUl the fixed index be in the 
direction A B, and then screw it fast : turn the moveable 
index in the direction A F, and the degrees cut off will be 



B.^' 




the angle A ; next measure A B, and planting the instrument 
at B, measure, as before^ the angle B; measure the line 
B C, and the angle C ; and so pt-oceed found the figure, 
always measuring the side as you go along, as also the 
angles. 

The 32nd Proposition of the 1st Book of Euclid, affords an 
easy method of proving the work : thus, add all the internal 



LATfD SDRVETINQ. 245 

angles, Ay B, C, &c, of the ' figure together, and their sum 
must be equal to twice as many right angles as the figure 
has sides, wanting four right angles. But when the figure 
has a re-enterant angle, as F, measure the external angle, 
which is less than two right-angles, and deduct it from four 
right angles, or 360 degrees, the remainder will give the 
internal angle, (if such it may be called,) which is greater 
than 180 degrees. 

When the field is surveyed from one station, as in the 
first case shown above, the content of the figure is found as 
in the second case of Prob. IV. since we have two sides and 
the angle included between them in each triangle of the 
figure. 



PROBLEM VIII. 

To survey a field iciih croohed hedges. 

Measure the lengths and positions of lines running as 
near the sides of the field as you can ; and in proceeding 
along these lines, measure the offsets to the different corners, 
as before taught, and join the ends of the o&ets ; these 
connecting lines will represent the required figure. When 
the plane table is used, the plan will be truly represented on 
the paper which covers it. But when the survey is made 
with the theodolite, or other instrument, the different mea- 
sures ar« to be noted in the field-book, fi'om which the 
sides and angles are laid down on a map, after returning 
from the field. 

In surveying the piece A B C D E F G H I K L M, set up 
marks at « E F <r. Begin at the station «, and nieasure the 
lines « E, E F, F ;r, ^ «, as also their positions, or the 
angles £ « ;r, « E F, E F ^; and ¥ xsi and in going along 
the four-sided figure ^ E F or, measure the offsets at a, &, J, 
g, ky /, m, as before taught* By means of the figure « £ F ^, 
and of the offsets, the ground is easily planned. 

When the principal lines are ti^k^n within the figure, as 
in the above c^ase, the ^ont^nta of the exterior p<Nrtions 
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« C B A, C D £, &c. must be added to the area of the 
quadralateral s xF E. But when the principal lines are 
taken outside the figure, the portions included between them 
and the boundaries of the field, are to be deducted from the 
content of the quadralateral, and the remainder will give the 
true content of the field. 




When there are obstructions within the figure, such as 
wood, water, hills, &c. measure the lengths and positions of 
the four-sided figure abed, taking care to measure the 
offsets from the different corners as you go along. 



I.AND SURVEYING. 
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PROBLEM IX, 
To survey any piece of land^ hy two stations* 

Choose two stations, from which all the corners of the 
ground can be seen, if possible ; measure the distance be- 
tween the stations ; at each station take the angles formed 
by every object, from the station line, or distance. Then 
the station line, and these different angles being laid down 
from a regular scale, and the external points of intersection 
connected, the connecting lines will give the boundary. 

The two stations may be taken within the bounds, in one 
of the sides, or without the bounds of the ground to be 
surveyed. 




Let m and n be two stations, from which all the marks 
A, B, C, &c. can be seen, plant the instrument at m, and by 
it; measure the angles Amn, Bmn, Cmn, &c. Next mea- 
«ure m n, and planting the instrument at n, measure the angles 
Anm, B n m, C n m, &c. These observations being planned, 
the lines joining the points of external intersection, will give 
a true, map of, the ground. The method of finding the con- 
tent will be shown ftirther on. 

The principal objects oa the ground may be delineated on 
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the map, by measuring the angles at each station, which 
every object makes with the station line m n. When all the 
objects to be surveyed cannot be seen from two stations, 
then thiiee or four may be used^ or as many as may be found 
necessary; taking care to measure the distance from one 
station to another ; placing the instrument at every station, 
and observing the angles formed by all the vi\sible objects 
with the respective station line ; then the intersection of the 
lines forming these respective angles^ will give the positions 
of all the remarkable objects thus observed. 

In this manner may very extensive surveys be taken ; and 
the positions of hills, rivers, coasts, &c. ascertained. 



PROBLEM X. 

To survey a large estate. 

The following method of surveying a large estate was first 
given by Emerson, in his Surveying, page '47- It has been 
followed by Hutton and Keith. 

When the estate is very large, and contains a great niun- 
ber of fields, it cannot be accurately surveyed and planned 
by measuring each field separately, and then adding all the 
separate results together ; nor by taking all the angles, and 
measuring the boundaries that enclose it. For in these cases, 
the small errors will be so multiplied as to render it very 
much distorted. 

1. Walk over the estate two or three times, in order to 
get a perfect idea of its figure. And to help your memory, 
make a rough drafl of it on paper, inserting the names of the 
different fields within it, and noting down the principal 
objects. 

2. Choose two or more elevated places in the estate, for 
your stations, from which you can see all the principal parts 
of it ; and let these stations be as far distant firom eadi other 



as possible, as the f^wer 'statumi you have to oomn^d' thf 
whole, the more exaot the work will be. 

In selecting the stations, care should be taken that the 
lines which connect them may run along the boundaries of 
the estate, or some of the hedges to which offsets may be 
taken when necessary. 

3. Take such angles, between the stations, as you think 
necessary, and measure the distance from station to station^ 
always in a right line ; these things must be done till you 
get as many lines and angles as are sufficient for deter- 
mining all the station points. In measuring any of these 
station distances, mark accurately where these lines meet 
with any hedges, ditches, roads, lanes, paths, rivulets, &c. 
and where any remarkable object is placed, by measuring its 
distance from, the station line ; and where a perpendiciUa^ 
from it cuts that line ; and always mind, in any of these ob- 
servations, that you be in a right line, which you may easily 
know by taking a back-sight and fore-sight, along the station 
line. In going along any main station line, take offsets to 
the ends of all hedges, and to any pond, house, mill, bridge, 
&c. omitting nothing that is remarkable. All these things 
niust be noted down ; for these are the data by which the 
places of Buch objects are to be determined oti the plan. 

. Be careful to set up marks at the intersections of all 
hedges with the station line, that you . may know where to 
measure fVom .when you come to survey the particular fields 
that are crossed by this line. 

These fields must *be measured as soon as you have com- 
pleted your station-line» whilst they are fresh in your me* 
mory* In this mcmner all the station lines must be measured, 
and the situations of all adjacent objects determined. It will 
be proper to lay down the wmrk on paper every night, that 
you may see how you go on. 

4. With respect to the internal parts of the estate, they 
must be determined by new station lines; for, after the 
main stations aie determined, and every thing adjoining to 
them, then the estate must be sub-divided into two or thre^ 

M 6 
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parts by new station lines ; taking the inner stations at proper 
places, where you can have the best view* Measure these 
station lines as you did the first, and all their intersections 
witli hedges, ditches, roads, &c. also take offsets to the 
bends of hedges, and to such objects as appear near tifese 
lines. Then proceed to survey the adjoining fields, by takinj^ 
the angles which the sides make with the station line alt tiie 
intersections, and measuring the distances to each corner 
from these intersections; for, every station line will be a 
basis to all future operations ; the situation of every object 
being entirely dependent on Uiem, and therefore they should 
be taken of as great length as possible ; and it is best for 
them to run along some of the hedges or boundaries of one 
or more fields, or to pass through some of their angles. 

All things being determined for these stations, you must 
take more inner stations, and continue to divide and sub- 
divide, till at last you come to single fields ; repeating the 
same work for the inner stations as for the outer ones, till 
the whole is finished. The oftener you close your work, 
and the fewer lines you make use of, the less you wiH be 
liable to error. 

■ 

5. An estate may be so situated that the whole cannot be 
surveyed together, because one part of the estate may t¥Ot 
be seen firom another. In this case you may divide it into 
three or four parts, and survey these parts separately, as if 
they were lands belonging to different persons, and at last 
join them together. 

6. As it is necessary to protract or lay down the work as 
you proceed in it, you must have a scale of due length to do 
it by. To get such a scale, measure the whole length of 
the estate in chains ; then consider how many inches long 
the map is to be ; and from these you will know how ma^ 
chains you must have in an inch; then make your scale 
accordingly, or choose one already made. 

7. The trees in every hedge-row may be idaced iQ.jUieir 
proper situation, which is soon done by the plane taJbie f but 
may be done by the eye without an instrument ; and being 



iu.ia> t^ATBTxarov 251 

thus, taken by guess in a rough draft, they will be exact 
enough^ being only to look at ; except it be such as are at 
any remarkable places^ as at the ends of hedges/ at stiles, 
gatesy &c. and these must be measured or taken with the 
plane table, or some other instrument. But all this need 
jiot be done till the draft is finished. And observe, in all 
lodges,, what side the gutter or ditch is on, and to whom the 
fence belongs. 



PROBLEM XL 

To survey a ttnon or ciiy. 

To survey a town or city, it will be proper to have an 
instrument for taking angles, such as a tneodolite or plane 
table; the latter'is a very convenient instrument, because the 
minute parts may be drawn upon it on the spot. A chain of 
50 feet long^ divided into 50 links, will be more convenient 
than the common siurveying chain, and an offset staiF of 10 
feet long will be very useful. Begin at the meeting of two 
or more of the principal streets, through which you can have 
the longest prospects, to get the longest station lines. There 
having fixed the instruments, draw lines of direction along 
these streets, using two men as marks, or poles set in wooden 
pedestals, or perhaps some remarkable places in the houses 
at the fartlier ends, as windows, doors, comers, &c. Mea- 
sure these lines with the chain, taking offsets with the. staff, 
at all comers of streets, bendings, or windings, and to all 
remarkable ol^ects, as churches, markets, halls, colleges, 
eminent buildings, &c. Then remove the instrument to 
another station, along one of these lines, and there repeat 
the same process as before. And so continue until the whole 
is finished. 

Thus, fix the instrument at A, and draw lines in the direc-* 
tions of all the streets meeting there ; then measure A C, 
noting the strieet at x. At the second station C, draw the 
directioiis of all the' streets meeting there ; measure firom C 
$U Dy noting the place <^ the street K, as you pass by it. At 
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the third station D, take the direction of all the streets meet* 
ing there, and measure D S, noting the cross street at T. 
Proceed in like manner through all the principal streets^ after 
which proceed to the smaller and intermediate streets ; and 
last of all to the lanes, alleys, courts, yards, and every other 
place which it may be thought proper to represent in« the 
plan. 



PROBLEM XII. 
To compute the content <^ any survey* 

1. in small and separate pieces, the method generally 
employed is, to compute their contents from the measures of 
the lines taken in surveying them, without drawing any 
correct map of them": rules for this purpose have been given 
in the preceding part of the work. But ia large pieces, and 
whole estates, consisting of a great number of fields, the 
usual method is, to make an unfinished but correct plan of 
the whole, and from diis plan, the boundaries of which 
include the whole estate, compute the contents quite inde^ 
pendent of the measures o£ the lines and angles thaS were 
taken in surveying* Divide the plan of the survey into 
triangles and trapeziums^ by drawing new liaes^throiigh iH 
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measure all the bases and perpendiculars of all these new 
%ure8y by means of the scale from wluch the plan was 
drawn, and from these dimensions compute the contents, 
whether triangles, or trapeziums, by the proper rules for 
fmding the areas of such figures. 

The chief difficulty in computing consists in finding the 
contents of land bounded by curved or very irregular lines, 
or in' reducing such crooked sides or boundaries to straight 
lines, that shall enclose an equal area with those crooked 
sides, and so obtain the area of^ the curved figure by means 
of the right-lined one, which in general will be a trapezium. 

The reduction of crooked sides to straight ones is easily 
per£brmed, thus: 

Apply a horse-hair or silk thread acro^ the crooked sides 
in such a manner, that the small parts cut off from the crooked 
figure by it, may be equal to those taken in. A little prac- 
tice will enable you to exclude exactly as much as you 
include ; then, with a pencil, draw a line along the thread, 
or horse-hair. Do the same by the other sides of the figure, 
and you will thus have the figure reduced to a straight-sided 
figure equal to the curved one : the content of which, being 
computed as before directed, will be the content of the 
curved figure proposed. 

The best way of using the thread or horse-hair is to string 
a small slender bow with it, either of whalebone or wire, 
which will keep it stretched. 

If it were required to find the contents of the following 
crooked-ttided figure; draw the four dotted straight lines 
A B, B C, CD, and D A, excluding as much from the 
survey as is taken in by the straight lines ; by which the 
crooked figure is reduced to a right-lined one, both equal in 
area. Then draw the dis^nal B D, which being measured 
by a proper scale, and multiplied by half the sum of the per- 
pendiculars let fall firom A and C upon B D, (measured on 
the same scale) will give the area required. 
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Many other methods might have been given for computing 
the contents of a survey, but they are omitted^ the above 
being, perhaps, the most expeditious. 
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MISCELLANEOUS PROBLEMS 



1. The three sides of a triangle are 12, 20, and 28$ 
what is the area ? Ans, 60 n/ 3. 

2. Find the difference between the area of a triangle 
whose sides are 3, 4, and 5 feet $ and the area of an equi* 
lateral triangle'^having an equal perimeter ? 

itn^. '928 of a sqiiare foot. 

3. There is a segment of a sphere, the diapieter of whose 
base is 24 inches, and its altitude 10 inches ; required its 
solidity ? Am. 2785"552 inches. 

4. There is a bushel in the form of a cylinder, whose 
depth is 8 inches, and breadth 18:^ indies; required to 
determine the breadth of another cylindrical vessel of the 
same capacity as the former, whose depth is only 7^ inches ? 

Ans, 19*107 inches. 

5. A ladder, 40 feet long, may be so planted, that it shall 
reach a window 33 feet from the ground on one side of the 
street ; and by only turnins it over, without moving the foot 
out of its place, it will do the same by a window 21 feet high 
on the other side ; what is the breadth of the street ? 

Ans. ^6 feet 7f inches. 

6. In turning' a one-horse chaise within a ring of a c^tain 
diameter, it was observed that the outer wheel made two 
turns while the inner made but one ; the wheels were both 
4 feet high \ and supposing them fixed at the statutable dis_ 
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tance of 6 feet asunder on the axle-tree, what was the 
circumference of the track described by the outer wheel ? 

Ana. 63 feet, nearly. 

7. A cable which is 3 feet long, and 9 inches in compass, 
weighs 221b. what will a fathom of that cable weigh, which 
measures a foot about? Ans. 78^1b. * 

6. How many small cubes, a, si4e of which equals 4 
inches, may be cut out of a large cube, whose stae is 8 
inches? »^ns. 8. 

* 9- Determine the areas of an equilateral triangle, a square, 
a hexagon, a dodecagon, and a circle ; the perimeter of 
each being 40 feet ? Ans. 76-980035— 100— 1 15-47. 

10. A person wants a cylindrical vessel 3 feet deep, that 
shall contain twice as much as another cylindrical vessel 
whose diameter is 3^ feet, and altitude 5 f<?et; find the 
diameter of the required vessel ?. Ans, 6-39 feet. 

11. Three persons having bought a conical -sugar*loaf, 
wish to divide it into three equal parts by sections parallel 
to the base ; it is required to jfind the altitude of each person's 
share, the altitude of the loaf being 20 inches. 

Am. Altitude of the upper part = 13-867, ox the middle 
part =;= 3*604, of the lawer part 2-528 inches. 

12* There i$ a fruatum of a pyratnid, whose bases are 
regular octagons ; each side of the gresiter base is 21 inches, 
•and each side of the less base 9 inches, and its perpendicular 
length 15 feet, how many solid feet are contained in it ? 

-4n*. 119-2 feet. 

13. B^quiring to find the height of a may-pole, 'I pro- 
cured a staff 5 feet in length, And placing it in the sunshine, 
perpendicular to the hprlgon, i found its shadow to be 4*1 
feet. Next I measured the shadow of the may-pole, which 
I found to be 65 feet s from this data the height of the pole 
is reqMirf d ? Ans. 79-26 feet. 

.14. Given two sides of an obtuse-angled triangle, which 
ttre20aiid40 pt>le«; required the third side, that the tri- 
angle may contain just an acre of ktld. 

. An4.M'%7S or 23*099- 
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15. A circular fish-pond is to be made in a garden* that 
shall take up just half an acre ^ what must be the length of 
the chord that strikes the cirde ? Ans^ 27| ymrds. 

16. A gentleman has a garden 100 feet long, and 80 
feet broad ; now a gravel walk is to be made of an equal 
width all round it ; what must the breadth of the walk be, 
to take up just half the ground? Ans. 12'9846 feet. 

17. A silver cup, in -form of a frustum of a cone, whose 
top diameter is 3 inches, its bottom diameter 4, and its alti- 
tude 6 inches, being filled with liquor, a person drank put of 
it till he could see the middle of the bottom ; it is required 
to find how much he drank. 'Ans* '152127 ale gallon. 

18* I have a right cone, which cost me £6 13^- Id* at 
1 0^. a cubic foot, the diameter of its base being to its altitude 
as 5 to 8 ;. and wduld have its convex surface divided in the 
same ratio, by a plane parallel to the base v the upper part 
to be the greater ; required the slant height of each part ? 
Ans i 3'9506486 the slant height of the uppcy part. 
* \ 1*Q854612 the slant height of the under part. 

19* How many acres of the earth's sur&ce may be seen 
from the top of a steeple whose height is 400 feet, the earth 
b^ng supposed to be a perfect sphere, whose circumference 
is 25000 miles ? Ans. 12120981-3382671 12 acres. 

20. Two boys meeting at a farm-house, had a tankard of 
milk set down to them ; the one being very thirsty drank till 
he could see the centre of the bottom of the tankard ; the 
other drank the rest., Now, if we suppose that the milk 
cost 4^. and the tankard measure 4 indies diameter at the 
top and bottom, and 6 inches in depth ; it is required to 
know what each boy had to pay, proportionable to the quan- 
tity of milk he drank. 

Ans [ ^** 1^028 15 farthings, for the first. 
**** \ 3*8197185 farthings, for the second. 

21. If the linear side of a certain cube be increased one 
inch, the surface of the cube will be increased 246 sqiiare 
inches ; determine the side of the cube. 

AnUn 20 inch^. 
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22. If from a piece of tin, in the form of a sector of a 
circle, whose radius is 30 inches^ and the length of its »i^ 
36 inches, be cut another sector whose radius is 20 inches ; 
and if then the remaining frustum be rolled up so as to form 
the frustum of a cone ; it is required to find its content, 
supposing one- eighth of an inch to be allowed off its ^aiit 
height for the bottom, and the same allowance of the circum- 
ference, of both top and bottom, for what the sides fold over 
each other, in order to their being soldered together. 

Am* 686*3263 cubic inches. 

23. Three men bought a grlndlng-stone of 40 inches 
diameter, which cost 20«. of which sum the first man paid 
9«. the second 6s. and the third 6s, how much of the stone 
must each man grind down, proportionably to the money he 
paid? 

Ans. The first man must grind down 6*167603 inches of 
the radius; the second 4*832397 inches, and the third 10 
inches. 

24. There is a frustum of a cone, whose solid content is 
20 feet, and its length 12 feet; the greater diameter is to 
the less as 6 to 2 ; what are the diameters ? . 

J ^ / 2*02012 feet. 
-^"''t -80804 feet. 

26. A farmer borrowed of his neighbour part of a hay- 
rick, which measured 6 feet in length, breadth, and thickness ; 
at the 'next hay-time he paid back two equal cubical pieces, 
each side of which was 4 feet. Has me debt been dis- 
charged ? Jns. No ; 88 cubic feet are due. 

26. There is a bowl in form of the s^ment of an oblong 
spheroid, whose axes are to each other in the proportion of 
3 to 4, the depth of the bowl one-fourth of the whole trans- 
verse axis, and the diameter of its top 20 inches; it isre^ 
quired to determine what number of glasses a company of 
10 persons would have in the contents of it, when filled, 
using a conical glass, whose depth is 2 inches, and the ^ia- 
meter of its top an inch and a half? 

Ans. 114*0444976 glasses each. 

27. If a cubical foot of brass were to be drawn into wire. 
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of ^ of an inch in diameter ; it is required to determine the 
length of the said wire, allowing no loss in the metal ? 

Jns^ 65 1 miles. 

28. How many shot are there in an unfinishied oblong 
i>ile, the length and breadth of whose base being 48 and 30, 
ana the length and breadth of the highest course being 24 
And 6? Am. 17356. 

29. How many shot are there in an unfinished oblong 
pile of 12 courses ; length and breadth of the top contain 
40 and 10 shot respectively ? Ans. 8606 shot. 

30. Of what diameter must the bore of a cannon be cast 
for a ball of 24 pounds weight, so that the diameter of the 
bore may be -^^ of an inch more than that of the ball ? 

Ans. 5'757098 inches. 

31. What is the content of a tree, whose length is 17^ 
feet, and which girts in five different places as follows, viz. 
in the first place 9*43 feet, in the second 7*92, in the third 
6-15, in the fourth 4-74, and the fifth 3-16? 

Ans.42'5\95. 

32. What three numbers will express the proportions 
subsisting between the solidity of a sphere, that of the cir- 
cumscribing cylinder, and circumscribing equilateral cone ? 

Ans. 4, 6, 9- 

\ 33. Given th'e side of an equilateral triangle 10, it is 
required to find the radii of its circumscribing circle ? 

Ans. 5-77^6. 

34. Given the perpendicular of a plane triangle 300, the 
sum of the two sides 1150, and the difference of the seg- 
ments of the base 495 ; required the base and the sides. 

Ans. 945, 375, and 780. 

35. A side wall of a house is 30 feet high, and the op- 
posite one 40, the roof forms a right angle, at the top, 
the lengths of the rafters are 10 feet and 12 ; the end 
of the shorter is placed on the higher wall, and vice 
versa; required the length of the upright which supports the 
ridge of the roof, and the breadth of the house. 

Ans. 41*803, length of upright, and 12 feet the breadth 
of the house. 
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A TABLE 
OP TUB AREAS OF THE Sl^MENTS OF A CIRQIiE, 

Whose diameter is 1, and supposed to be divided into 1000 equal ^a^-tsi 



lleifbt 


Area S«g. 


Height 


Area S€g< 


Height AreaSeg. 

» _ 


Height 


Ajrea Seg. 


•001 


•000042 


•037 


•009883 


O73.-025714 


•109 


046881 


•002 


•000119 


•038 


•009763 


•074 


•026286 


; 110 


047006 


«003 


•000219 


•039 


•0t0148 


•075 


•026761 


i^lll 


•047682 


•004 


•000337 


•040 


•010537 


076 


•027289 


•112 


048262 


•005 


•000470 


•041 


•010931 


•077 


•027821 


•118 


•048894 


•006 


•000618 


•042 


•011330 


078 


•028356 


•114 


•049626 


•007 


•000779 


•043 


•01 1734 


079 


•028894 


•115 


•050165 


' <m 


•000961 


•044 


•012142 


•080 


•029435 


•U6 


•050804 


•009 


•001136 


•045 


•012554 


•081 


0-29979 


•117 


•051446 


•010 


•001329 


•046 


•012971 


•082 


030526 


•118 


•052090 


•on 


•001533 


•047 


•01339-2. 


!^083 


•081076 


•119 


052786 


•Q12 


•00.1746, 


•048 


•019818 


•084 


•031629 


•120 


•058886 


•013 


•001968 


•049 


•014247 


•085 


032180 


•121 


•054086 


•au 


•002199 


•050 


014681 


•086 


•032745 


•122 


•054689 


•015 


•002438 


•051 


015119 


•087 


•033307 


•123 


•055345 


•016 


002685 


•052 


OI5561 


•088 


•033872 


.124 


056003 


•017 


•002940 


•053 


•016007 


.089 


•084441 


•125 


056663 


•018 


•003202 


•054 


016457 


•090 


•08501 1 


.126 


•0573-26 


•019 


003471 


•056 


016911 


09i 


•035686 


•127 


•057991 


•020 


i 008748 


•056 


017369 


092 


•036162 


.128 i 058658 J 


•021 


•004031 


•057 


•017831 


•093 


•036741 


.129 


•059827 


•022 


•004322 


•058 


018296 


•094 


•037323 


.130 


059999 


•028 


•004618 


•059 


•018766 


095 


•037909 


.181 


•060672 


•024 


•004921 


•060 


019239 


•096 


•038496 


.182 


•061348 


•026 


•005230 


•061 


019716 


097 


•039087 


138 


062026 


•026 


•005546 


•062 


•020196 


•098 


•039680 


1 .134 


•062707 


•027 


•005867 


•063 


O-20681 


•099 


•040276 


•135 


•063389 


*02B 


•006194 


•064 


•021168 


•100 


040875 


•136 


•064074 


^9 


•006527 


•066 


021659 


•101 


•041476 


•187 


•064760 


•030 


•006865 


•066 


•022154 


•102 


•042080 


•188 


•065449 


•031 


•007-209 


•067 


022652 


•103 


•042687 


•139 


066140 


•032 


•007558 


•068 


023154 


•104 


043296 


•140 


•066833 


•038 


•007913 


•069 


•023659 


•105 


•043908 


t^l41 


•067528 


•034 


•008278 


•070 


•024168 


•106 


044522 


•142 


•068225 


•035 


•006698 


r071 


•Q24680 


•107 


045139 


•148 


•0689-24 


•036 


•009008 


•072 


•025195 


•108 


045759 


1^144 


•069625 
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•145 


Artft Wtg, 

L 


Htigiit 


AiM8«ft. 


HdeM 


AtmSi^ 


HaIgM 


Aita«v. 


•070328 


•190 


•103900 


>235 


•140688 


•280 


•180019 


*146 


•071033 


•191 


•104685 


•236 


•141537 


•281 


•180918 


•147 


•071741 


•192 


•105472 


•237 


•142387 


^282 


•181817 


•148 


•072450 


•193 


•106261 


•238 


•143238 


•283 


•182718 


^149 


•073161 


•194 


•107051 


•239 


•144091 


•284 


•183619 


•150 


•073874 


.195 


•107842 


•240 


•144944 


•285 


•184521 


•151 


•074589 


•196 


•108636 


•241 


•145799 


•286 


•185425 


•152 


•075306 


•197 


•109430 


•242 


• 146655 


^287 


•186329 


•158 


•076026 


•198 


•110226 


•243 


•147512 


•288 


•187234 


•154 


•076747 


•199 


•111024 


•244 


•148371 


•289 


•188140 


•155 


•077469 


•200 


•111823 


•245 


•149230 


•290 


•189047 


•156 


•078194 


•201 


•112624 


•246 


•150091 


•291 


•189955 


•157 


•078921 


•202 


•113426 


247 


•150953 


•292 


•190864 


•158 


•079649 


•203 


•114280 


•248 


•151816 


•293 


•191775 


il59 


•080380 


•204 


•115035 


•249 


•152680 


•294 


•19-2684 ' 


•160 


•081112 


•205 


•115842 


•250 


•153546 


•295 


•193596 


•161 


•081846 


•206 


•116650 


•251 


•154412 


•296 


•194509 


•162 


•082582 


•207 


•117460 


•252 


•155280 


•297 


•195422 


•163 


•083320 


•208 


•118271 


.253 


•156149 


•2,98 


•196337 


•164 


•084059 


•209 


•119083 


•2^4 


•157019 


•299 


•197252 


•165 


•084801 


•210 


•119897 


•255 


•.167890 


•300 


•198168 


•166 


•085544 


•211 


•120712 ! 


'256 


•168762 


•301 


•199085 


•167 


4)86289 


•212 


•121529 1 


•257 


•159636 


•302 


•200003 


•168 


•087096 


•213 


•122347 1 


•258 


•160510 


•303 


•200922 ; 


•169 


•087785 


•214 


•123167 ' 


•259 


•161386 


•304 


•201841 


•170 


•088535 


•2L5 


•123988 1 


•260 


•162263 


•305 


•202761 


•171 


•089287 


•216 


•124810 1 


•261 


•163140 


•306 


•203683 


•172 


•OU0041 


•217 


•125634 1 


•262 


•164019 


•307 


•204605 


•173 


•090797 


.218 


•126469 


•263 


•164899 


•308 


•205527 


•174 


•091554 


•219 


•127285 


•264 


•165780 


•309 


•206451 


•175 


•092313 


•220 


•128113 


•265 


•166663 


•310 


•207376 


•176 


•093074 


•221 


•128942 


•266 


•167546 


•311 


•208301 ' 


•177 


•093896 


•222 


•129773 


•267 


468430 


•312 


•209227 


•178 


•094601 


•223 


•130605 


•268 


•169315 


•313 


•210154 


•1J9 


•095366 


•224 


^131488 


•269 


•170202 


•314 


•211082 


•180 


•096134 


•225 


^132272 


•270 


•171089 


•315 


•212011 


•181 


•096903 


•226 


•133)08 


•271 


•171978 


•316 


•212940 


•182 


•097674 


•227 


•133945 


•272 


•172867 


•317 


•213871 


•188 


•098447 


•228 


•134784 


•273 


•173758 


•318 


•214802 


•184 


•099221 


•229 


•135624 


•274 


•174649 


•319 


•215733 


'•185 


•099997 


•230 


^36465 


•275 


•175542 


•320 


•216666 


•186 


•100774 


•231 


'137307 


•276 


•176435 


•321 


•217599 


•187 


•101553 


•282 


438150 


•277 


•177330 


•322 


•218533 


«188 


<il02884 


•233 


438995 


•278 


•178225 


•3-23 


•219468 


•189 


•103116 


•234 


•139841 


•279 


•179122 


•324 


•220404 
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AltEAS or THX SaOltXKTS OF A GniCI.B. 



MMagmi 

•325 
•326 
•327 
•328 
•329 
•330 
•331 
•332 
•333 
•334 
•335 
•336 
•337 
•338 
•339 
•840 
•341 
•342 
•343 
•344 
•345 
•346 
•347 
•348 
•349 
•350 
•351 
•352 
•353 
•354 
> ^855 
•356 
•357 
•358 
•359 
•360 
r361 
•362 
•363 
•364 
•365 
•366 
•867 
•368 



•221340 
•222277 
•223215 
•224154 
•225093 
•226033 
•226974 
•227915 
•228858 
•229801 
•230745 
•231689 
•^2634 
•233580 
•234526 
•235473 
•236421 
•237369 
•238318 
•239268 
•240218 
•241 169 
•242121 
•243074 
•244026 
•244980 
•245934 
•246889 
•247845 
•248801 
•249757 
•250715 
•251673 
•252631 
•253590 
•254550 
•255510 
•256471 
•257433 
•258395 
•259357 
•260320 
•261284 
•262248 



Height 



•369 

•370 

•371 

•372 

•373 

•374 

•375 

•376 

•377 

•378 

•379 

•380 

•381 

•382 

•383 

384 

•385 

•386 

•387 

•388 

•389 

•390 

•391 

•392 

•393 

•394 

•395 

•396 

•397 

•398 

•399 

•400 

•401 

•402 

•403 

•404 

•405 

•406 

•407 

•408 

•4091 

•410 

•411 j 

•412 



Am8flg« 



•2632r3 
264178 
265144 
266111 
267078 
268045 
269013 
269982 
270951 
271920 
27-2890 
273861 
274832 
275803 
276775 
277748 
278721 
279694 
2K0668 
281642 
282617 
283592 
284568 
285544 
286521 
287498 
288476 
289453 
290432 
291411 
292390 
293369 
294349 
295330 
296311 
297292 
298273 
299255 
300238 
301220 
302203 
303187 
304171 
305155 



Height AxtmStg, 



413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
•456 



•306140 
•307125 
•308110 
•309095 
•310081 
•311068 
•312054 
•313041 
•314029 
•315016 
•316004 
•316992 
•317981 
•318970 
•319959 
•320948 
•321938 
•3-22928 
•323918 
•324909 
•325900 
•326892 
•3*27882 
•328874 
•329866 
•330858 
•331850 
•332843 
•333836 
•334829 
•335822 
•336816 
•337810 
•338804 
•339798 
•340793 
•341787 
•342782 
•343777 
•844772 
•345768 
•346764 
•347759 
•348756 



Height 



•457 

•458 
•459 
•460 
•461 
•462 
•463 
•464 
•465 
•466 
•467 
*468 
•469 
•470 
•471 
•472 
•473 
•474 
•475 
•476 
•477 
•478 
•479 
•480 
•481 
•482 
•483 
•484 
•485 
•486 
•487 
•488 
•489 
•490 
•491 
•492 
•493 
•494 
•495 
•496 
•497 
•498 
•499 
•500 



Aree Seg* 

•349752 
•650748 
•351745 
•352742 
•353739 
•354736 
•355732 
•356730 
•357727 
•358725 
•359723 
•360721 
•361719 
•36-2717 
•363715 
•364713 
•S657I2 
•866710 
•367709 
•368706 
•369707 
•370706 
•371705 
•372764 
•373703 
•374702 
•875702 
•876702 
•877701 
•878701 
•879700 
•880700 
•381699 
•382699 
•883699 
•884699 
•385699 
•386699 
•387699 
•888699 
•889699 
•890699 
•391699 
•892699 



